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NON-AQUEOUS AND MIXED SOLVENTS
the coN D U crm T iss of sil v e r  s e t m e  bt
A Thesis submitted to the University of London 
for the Degree of Doctor of Philosophy«
By
HBG3ETAU) EDGAR BUSBY 
(BoSg0 Nottingham)- 
June 1961
ABSTRACT
. The conductivity of silver nitrate at 25°C and 30°G has been 
studied in pure methanol and binary solvent mixtures containing 
99° 9 mole per cent methanol and 0*1 -mole per cent of an organic 
liquid of the type which exhibits a strong affinity for silver ions.
The results have been interpreted in the light of modern electrolyte 
theorys and values of the association constant, equivalent conductance 
at infinite dilution, Stokes5 radius and the Pugas "a" parameter have 
been calculated. The heat, free energy and entropy of ionisation 
in a number of solvents were calculated from the corresponding 
association constants at 25°C and 30°G.
Prom a consideration of the concept of solvent structure breakage 
in the vicinity of ions, the variation of association with the distance 
of closest approach of oppositely charged ions as predicted by the 
theory of F u g ss, and the theory of kinetics of ionic equilibria, it 
has been suggested that the dielectric constant value of the medium • 
in the vicinity of silver ions in solvent'-mixtures of the type 
investigated is probably different from the corresponding bulk value.
The constants obtained from the investigation of the conductivity 
of silver nitrate in methanol containing 0*1 mole per cent bensene at 
25°G and 30°0 indicate that bensene does not form a stoichiometric
complex with the silver ion* It has been suggested that the inters 
action between bensene and the silver ion is of a longer range type 
than that mot with in permanent solvation and that bensene molecules 
form loos© aggregates in the neighbourhood of silver ions*
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When an electrolyte, normally composed of discreet ions in its
crystal lattice is dissolved in a liquid with which it does not
chemically react5 ion association may occur and will he greater the
smaller the dielectric constant of tho solvent and the sis© of the
ions. The mobilities of the ions ?ril! be greater the smaller the
viscosity of the solvent and the also of the ions© These statements2
embodied in the existing theory of electrolyte behaviour in solvents*
I
should be true for spherical ions in a continuous medium if ion 
association is due only to those electrostatic forces that exist 
between the ions© j>-
Experimental data do not always accord with the,theory* deviation 
being due to aoXveni^ solute interaction and/or non-coatinuity of the 
solvent rather than any departure from the spherical nature of the ions 
involved© If solyent^ solute interaction occurs* th© effective else of 
an ion can well be greater than that in the oxystal lattice and . ion 
association should be inhibited©
Variation of the product A  Q r^ f©r an electrolyte .in various 
solvents was considered by Walden (AX„A2) to indicate changes in effective 
ionic radii©
Solute-solvent interaction will involve either formation of 
stoichiometric complexes in which the solvating molecules are more or
SHJBHAIi EWRODUCTION
less permanently attached to  the ion o f the formation o f loose aggregates 
o f solvent molecules which act as a break on the movement o f the Ions 
as the la tte r  drags them through the solution (Bookris A. 3 ? Gurney A* 4 ) ,  
The rea l s itua tion  may be represented as. a combination o f both these 
types o f solvation* The hydrody&amic radius o f an ion , found by 
assuming Stokes0 Law to  hold fo r ions, night therefore vary ffora solvent 
to  solvent, such va ria tion , prastmtahly, re fle c tin g  the extent to  which 
solvation o f the aforementioned types occurs* ' . • •
In view of the fact that water, „an& some’ other solvents, particularly 
hydroxylic ones, possess qtmsi^ erystallin© structures, the solvent 
molecules in the vicinity of an ion, acting in their capacity as 
solvating molecules, may' still contribute to the general structure 
of the solvent* As a consequence, they may in effect transfer the 
tendency to solvate to other solvent molecules more distant from the 
ion involved* If this Is so the extent to which molecules at large 
distances contribute to the solvation process will, in part at least, . 
depend on the degree to which the solvent molecules can solvate the 
ion and on the tendency of those solvent molecules to b© retained in 
the solvent structure* This idea can still be compatible with any 
weakening of the solvent structure which may occur In the region 
immediately surrounding the solvent molecules nearest to and most 
firmly held by the ion if this weakening does not amount to complete 
breakdown ©f th© solvent structure*
I t  i s  known th a t th e  q u a si® cry sta llin e  s tru ctu re  o f  w ater i s  broken
down in  th e  v i c i n i t y  o f  an io n  (Bernal St Fow ler, A* 5 and A*6)* In
a d d itio n , Frank & Evans (A* 7) determined th e  stru ctu re-b rea k in g
entrop ies"  o f  a number o f  io n s  in  aqueous s o lu t io n  and su ggested  th a t  
th e  f i r s t  la y e r  o f  w ater m olecu les i s  f a i r ly  r ig id ly  h e ld  by th© io n  
i t  surxmm&Sp and th a t  beyond t h i s  la y e r  th ere  i s  a reg ion  in  which th e  
w ater s tru ctu re  i s  broken down* I t  was pointed  out th a t  t h i s  i s  
com patible w ith  an arrangement o f  w ater m olecu les round, a p o s it iv e  
io n  in  which a l l  th e  hydrogens are o r ien ted  outwards; such w ater  
m olecu les would n o t th e r e fo r e  be a b le  to  p a r t ic ip a te  in  th e  normal 
te tra h ed r a l w ater arrangement* Frank <% Wen-Yang Wen (A* 8) suggested  
th a t  th ere  were th ree  co n cen tr ic  reg io n s surrounding an io n  in  water*
Th© innerm ost reg io n  I s  a  la y e r  o f  w ater m olecu les r ig id ly  h e ld  by th e
io n ; in  th e  next^th© f i e l d  i s  n o t stron g  enough to  cause much 
o r ie n ta tio n  o f  th© w ater m olecu les but i s  stron g  enough to  oaus© a  
breakdown in  th© n a tu ra l s tru c tu re  o f  th e  w ater; and in  th e  t h i r d ,  
t h e  normal w ater stru c tu re  rem ains, s l i g h t ly  p o la r ise d  by th© we&lc 
f ie ld *  The r e la t iv e  magnitudes o f  th e  f i r s t  and second la y e r s  depend 
on charge and rad ius o f  th© io n  and th ese  in  turn  determ ine whether 
i t  has a n e t  struoture^m aking or stru ctu re-b rea k in g  e f fe c t*  S im ila r
i
arguments might apply in  th© ca ses  o f  a lco h o ls  as so lven ts*
Sadek and Fuoss (A® 9) have suggested th a t  i f  bx*eak&Gwn o f  th e
can he p lo tte d  as the approach o f two ions through the solvent u n til
they are separated by only one solvent molecule, the expulsion o f
which would involve a fu rth e r discreet step* The d ie le c tric  constant
would thus vary from the bulk value to  the e le c tric a l saturation value
as the two ions approach each other© Grunwald (A© 10) has pointed out
tha t the removal o f the la s t solvent molecule w il l  need considerable
energy and tha t in  polar solvents the ions w ill  have solvation shells
whose ra d ii have been estimated to  be about SA fo r typ ica l univalent
ions (Baroarella,. Finch and Grunvmld* A /ll)©  As a consequence, i f
■&
the in te r-io n ic  distance is  less than IDA^some solvating molecules 
may be set free during the ion-as sooi&tion process, the solvation 
shells overlapping a t the expense o f solvation energy© Such m  
energy change might compensate to some extent fo r  the e ffect o f 
changing d ie le c tric  constant near the ion due to  e le c trica l saturation.
solvent structure rouad the ion does ©com) the formation of an ion-pair
The behaviour o f s ilv e r n itra te  in  a va rie ty  o f mixed solvents 
over the ooavplote solvent composition range ms investigated by 
G riffith s  (A© 12) and i t  was found that the mixtures studied were o f 
two types© in  those misrimres containing pyridine as a component^the 
observed e ffects were explainable on the basis o f the formation o f a
complex ion of reduced mobility with the concomitant increase in 
dissociation, The other group included aqueous ethanol* dioxan,an& 
acetone,and the explanation offered for the observation of a maximum 
in the quotient at a ooaceatration of the organic solvent of
approximately 10 mol, % was that the solvent sheath formed is mainly 
aqueous in the proximity of an ion due to preferential solvation of 
the cation by water moleon3.es which was followed by regions where the 
concentration of the organic solvent increases until the bulk composition 
is reached© Since the bulls viscosity is not applicable for such 
solutions this is reflected in the ionic mobility© The inconstancy 
of the dielectric "constant” may also cause variation in the 
di s soelation,
Lately Griffiths and Lawrence (A, 13 a A© 1+) studied the conduction 
metric behaviour of silver nitrate in a number of binary mixtures 
containing a small proportion of an organic base as one component* since 
it was Imom that this type of compound complexes readily with silver 
ions, They found that the dissociation depended not only to a large 
extent on ion si so but also 'bo some extent ©n the strengths of the 
bases used. By studying the same salt in some pure-and mixed solvents 
having similar dielectric constants but widely different solvent-ion 
interaction properties they found a considerable variation in solvent- 
ion interaction indicated by the distance of closest approach of the 
ions and the Walden products, finally* their work on silver nitrate
in hy&roxylie solvents and binary mixtures of these bore out, in the
i
former ease, the dependence of dissociation on the bulk dielectric 
constant, whilst in the latter ease^ it was suggested that a more 
complex relationship may hold depending on the extent of preferential 
solvation by one solvent component®
Griffiths and Pearce (A® 15, A* 16) examined the conductivities of 
silver salts in a number of solvents containing small amounts of either 
basic or non basic additives, and also in pure and binary mixtures of 
acetone, oyclohexanon© and iso-butyl alcohol® Many of the observations 
bore out the suppositions of previous workers® In addition, they 
concluded that an increase in dissociation is dependent on th© ©stent 
of solvation and that this may be at least as important as the sise of 
the complex ion so formed® Also, stoichoimetric complex ion formation 
was thought to be occurring between silver ions mid organic bases, 
polystyrene, dicyclo-pentadiene and cyclo-pentadiene but not between 
silver ions and benzene* In the latter case, it was suggested that 
the bensene molecules are dragged through the solution by the silver 
ionSp thereby affecting ionic mobility very little® The purpose of 
the present work was to provide further information on the behaviour 
of iuii-univalent electrolytes QF&anXG tL S oXlT0l!l» L S c*33iCL J» o
designed to proceed along with, and to some extent, continue on from, 
that of Griffiths and Pearce* A silver salt was chosen because of
the electrophilic character* of the cation© Small amounts of additive 
were added which affect the hulk dielectric constant and viscosity of 
the solvent to an almost negligible degree whilst being present in 
sufficient quantity for extensive solvation to he considered probable© 
It was thought that the choice of a solvent with quas i~orys talline 
properties which Meek© (A* 17) suggested methanol has, might shift the 
perspective on solvation somewhat to advantage and in view of the 
general likeness to water shown by methanol more than by any other
x
solvent on the one hand, and its distinct molecular character on the 
other (Bernal and Fowler, A. 5% it seemed an obvious choice©

SECTION 1 
Bart; I.
APPARATUS AND EXPERIMENTAL TECHNIQUEavC?^atsatrtKS5X,jrt!vi^ r=T*‘ ■
(i) Measurcjneiit of Resistance
The conventional Yfheat stone bridge method was employed for the 
measurement of resistance,
A straight metre wire of total resistance about 5 ohms of low 
temper&iure-resistance coefficient was used. This was connected to 
two 50 ohm resistances at each end of the wire. The presence of the 
50 ohm "end-pieees" meant that since the total resistance was approx­
imately 105 ohms (equivalent to bridge wire of resistance 5 ohms per 
metre, 21 metres long) greater accuracy was gained in the measurement 
of resistance. Further, by "shorting out" one of th© 50 ohm "end- 
pieces", measurements of very high resistances (up to 5 megohms) could 
be made.
The sliding contact was of the tjrp© described by Davies (B!) and 
consisted of a glass block around which a single strand of wire was 
tightly secured. This oould be placed perpendicular to, and in 
contact with, the bridge wire so that the position of contact could be 
read off through the glass to 0° 2 w „ , which corresponded to approx­
imately 0<»0D1% of the resistance of the whole.
For the variable resistance a Sullivan non-reactive decade
resistance box of 0*1% grade having a total resistance of 1 1 ,0 10 ohms 
in 1 ohm stages was used© ' This was replaced from time to time by four 
Muirhead"decade boxes of 10,000, 1 ,000, 100 and 10 ohms respectively
connected in series and though these were of a slightly lower grade
*
than the Sullivan resistances they proved to be quite stable and 
satisfactory* Both boxes were calibrated against a box which had been 
calibrated by the National Physical Laboratory. For measurement of 
very high resistances a second decade box of total resistance 100,000 
ohms in 10,000 ohm stages was used in series with the other resistance 
box©
In order to balance out the "capacitance effect” of the cell a
stable mica condenser with a continuous range up to 0° X^F was connected
in parallel with the resistance box. Another variable condenser of
maximum capacitance 0° Q05y+F connected inparallel with the cell was
used to balance out the residual capacitance of the other condenser on
the rare occasions it was found necessary®
The oscillator and detector were inooi’porated in on© instrument
supplied by Alrmeo Laboratories Ltd. This included a Hartley oscillator
circuit which provided an output voltage of good sine-wave form at a
frequency of X , 000 cycles per second. The detector unit consisted of
a tv/o stage amplifier, the rectified output from which operated a null-
reading micro-ammeter* The sensitivity of the instrument was sufficient 
for measurements to be made to an accuracy of 1% on a bridge using
1000:1 ratio arms and to a correspondingly greater accuracy when smaller
ratios5 which were more usual in this case, were used® Earthing of 
the bridge was found to produce no change in resistance measurement 
but the amplifier input lead was screened*
Occasionally the above oscillator and detect03? was replaced by 
an Advance Signal Generator of frequency range 15 o/s ® 50 ko/s and 
earphones* With the latter arrangement frequencies of 1500o/s up t©
3000 c/s were selected in order to detect alteration of resistance 
reading with frequency, but since, no alteration was ever observed, 
possible polarisation effects were considered to be unimportant® All 
connections were made of thick copper wire and their resistance was 
neglected® Connections to the cell were mad© via mercury cups 
immersed in the thermostat so that possible thermo-electric E*M<,F0 ®s 
were prevented®
Calibration of the Bridge Wire*
Th© method of Davies (B*X) was used to calibrate the bridge®
The standard resistance was balanced against a second box, placed
in the cell position* A 1,000 ohms resistance was "taken ©ut" of each
box and by using a short length of resistance wire, the second box was
adjusted so that a position was found on the bridge by th© sliding
contact such that on ,}changing-over" the reversing switch, no alteration
in the bridge reading was observed* The resistance of the standard boss
was increased by increments of one ohm and bridge readings corresponding
to the ratios 1 ° 001:1 * 1 ° 002:1 , etc. ? were obtained on either side of the 
centre of the bridge wire* By* plotting these ratios against bridge
readings, the ratio corresponding to any unknown resistance could be 
found by interpolation.
It was found that if X and R were the values of the two resistances 
and A  the difference in cms* between the bridge readings on reversing 
them the following empirical equation held, provided A  was less than
2 5  CIQS S®
X
Iog10 S ss 0-0003826 A
The average deviation between experimental and calculated values 
of A  was found to be & Ge03 eras,, and use of the above formula, gave 
resistance values accurate to X part in 38,000* For measurement of 
resistances greater than 3.00,000 ohms the bridge was calibrated by 
"short-circuiting out" one extension arm of the bridge and replacing 
the cell by a resistance box calibrated by the SLP.L* For various 
ratios corresponding bridge readings were obtained* A graph was 
plotted so that the resistance ratio corresponding to any bridge reading 
could be read off* This enabled resistances up to 5 megohms to bo 
measured to an accuracy of 0*1%,
(ii) Temperature Control*
The thermostat bath in which the cell was supported was maintained
at temperatures of 25 G^OC^C and 30 tfc0oQQ5°C
An Engel and Gibbs contact thermometer of range 0-50°G operated a
filament heating lamp through a Sunvie relay and fox1 those occasions 
when 30°G was the working temperature it was found necessary to cool
the bath by passing cold tap water through a coiled copper pipe immersed 
in the bath© ■ _
The thermostat was completely enclosed by a large 'wooden box which 
was maintained at approximately the same temperature as the thermostat® 
This arrangement prevented condensation of the solvent on the inside 
surface of the cell cap.
A Beckmann thermometer was used to indicate the temperature and this 
was calibrated and periodically checked against an M.F.L. calibrated 
thermometer.
In order to minimise the errors which.result from capacity effects 
if water is used as the thermostat liquid, the bath was filled with good 
quality light transformer oil (kindly supplied by 0, 0® Wakefield & Go. 
Ltd.) as suggested by Jones and Josephs (Bb2)*
Stirring by an electrically driven paddle system ?/as efficient 
enough to allow of no variation in temperature, as indicated by a 
Beckmann thermometer, throughout the bath®
(iii) Weight measurement*
Two balances were used in the course of the work®
1. A Stanton Aperiodic fully automatic-balance sensitive 
to 0*1 rngra was used for loads up to 100 gms«
2* A heavy capacity (maximum capacity 2,000 gnis) Towers 
balance sensitive to 0° 005 gnu 
The weights of both balances were calibrated by the method of 
Richards (B®3) and the weights on the Aperiodic balance were compared
directly with a calibrated box of weights® All weights were corrected 
to vacuo.
(iv) Conductivity cells®
Cell type A. Fig* 14.
This was of the Hartley-Barrett type (B*A) and consisted of a 
cylindrical body mado of transparent silica, a cap and electrode supports 
which v/ere made of borQ3ilicate glass. The electrodes were of platinum 
coated with, grey platinum and w ere held apart by glass spaces firmly 
fixed through small holes in each corner of the electrodes® The BIO 
joint in the cap enabled additions of electrolyte solution to be made 
and the three-way tap allowed the passage of dry nitrogen through the 
cell when this was necessary.
Ty/o cells of this type were used, one of approximately 700 mis 
capacity for "runs’1 in the-most dilute regions and another of approx­
imately 350 mis capacity.
Cell..type B. Fig* IB*
This wras very similar to cell A except that the electrodes were of 
stouter platinum and the electrode supports ?/ere spaced further apart® * 
The capacity of the cell was approximately 500 mis.
Cell Type C* Fig® 2. .. - .m irfn I m' /SKrarrtm neunyx*
For work in regions of higher concentration a smaller cell-siae 
was employed so that relatively small quantities of solvent only were 
required in its use* Since the purification of methanol took so much
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time and effort this was.a decided advantage,
The eXeotrodes were of bright platinum and instead of being the 
dipping type, were fixed into the body of the cell via horizontal 
electrode supports.
Occasionally, additions of electrolyte solution to the cell v/ere 
made from an Agla miorosyringe and this latter was firmly fixed through
the BX9 joint situated in the side of the topmost part of the cell.
Two cells of this type, approximately 150 mis and 250 mis capacity 
respectively, were employed..
Because of the volatility of the solvent it -was decided to add 
weighed amounts of electrolyte solution to the cell from a weight pipette 
of design similar to that used by Frazer and Hartley (B*5)« The weight 
pipette used in this work incorporated a delivery jet of capiliaxy 
dimensions so that the time taken to deliver. 1 ml was approximately 
5 seconds. No drop formation was observed at the tip of the jet when 
the stopcock was closed in order to end the addition of solution. The 
opposite end of the weight pipette was dravna out into a fine capillary 
tube*. Both ends of the pipette were fitted with small caps which v^ ere 
ground on in order to prevent loss of solvent,due to evaporation. Xt 
was found that without the ground glass caps in 'position during weighing, 
the evaporation of the solvent that occurred during transference of the 
pipette from the cell to the balance after addition of electrolyte

solution, resulted in a reduotion in the effective concentration of 
tho solution in the cell. Subsequent additions were altered only to 
the extent of the concentration error incurred in the first addition 
which therefore affected them to a lesser extent the greater the 
proportion of added electrolyte solution to the first addition of the 
same. In order to overcome this difficulty all v/eighings were made 
with both caps securely fixed in their respective positions and only 
the cap at the delivery end of the pipette was removed during addition 
of solution.
The weight pipette was handled with a clean square of silk in order 
to prevent heating by contact with the. hands and transference of moisture 
and other extraneous matter therefrom. The capacity of the weight 
pipette was approximately 18 mis.
In an attempt to simplify the technique of adding the solution of
electrolyte to the cell an Agla micrometer syringe was employed which
was fixed horiaontally into the cell through the BX9 joint by means of
a polythene, stopper (Fig. 4)* . The total- addition of solution, however,
could amount to no more than 0°5 ml so that the average addition was
approximately- 0*08 ml. Since each addition was made to within
0*00005 ml this meant that some accuracy was sacrificed but resu3.ts
were in good agreement with those obtained by using the weight pipette©
The most probable source of error would be in the temperature measurement 
of the 'Solution inside the syringe. Since the densities of methanol
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and solutions o f e lectro lyte  in  i t  vary by approximately 0*12% fo r &  
change in  1°C th is  meant that the temperature o f the added solution 
had to  be known to  w ith in  0 ' 05°C fo r good accuracy. However, the 
micrometer syringe was placed such that the whole o f the solution 
being added was inside the c e ll and therefore at a s u ffic ie n tly  constant 
and known temperature throughout the "run"*
Before each "run" the micrometer syringe was placed, as described 
previously in  the case o f the c e ll, in  a vessel o f s im ila r size and 
shape to the c e ll, immersed in  the thermostat. Immediately before 
transferring  the micrometer syringe to  the o e ll a small addition of 
solution was made from i t  to  the "dummy c e ll" . This ensured that the ' 
f i r s t  addition to  the solvent in  the c e ll would be as accurate as was 
prescribed fo r the syringe,
( v ii)  Cleaning o f Apparatus.
In  view o f the fact tha t Morgan & Lammert (B.6) and other workers 
attach importance to  the method fo r removing a ll  extraneous matter from 
apparatus without leaving behind film s of adsorbed material or d iffe r­
ences in  potentia l between the oell«eleotrodes the exact mode o f cleaning 
apparatus in  th is  investigatiSn is  given.
Before any glass apparatus was used i t  was steamed out fo r several 
hours* A ll glass apparatus was cleaned by f ir s t  "sw illin g  out" w ith 
ethanol which was then poured away, ■ A few mis o f concentrated n it r ic  
acid were then added and the vigorous reaction that ensued together
w ith  the products from i t  cleaned the apparatus quite e ffe c tive ly0 
Cell electrodes were suspended in  the v o la tile  products resu lting  from
th is  reaction and th is  treatment was alternated w ith washing in
d is tille d  water© Following th is  they were w ell washed and soaked
in  conductivity water* The ce lls  were f i l le d  w ith conductivity water
and allowed to  stand fo r two days© A ll apparatus including the ce lls
and electrodes were dried in  an oven at 1! 0°C fo r s ix  hours© F in a lly ,
dry nitrogen freed from carbon- dioxide was passed through the c e ll for.
an hour and the c e ll allowed to  stand fo r 24 hours at a temperature of
21- 24°C before use.
With ce lls  treated in  th is  way results were obtained repx’oduceable 
to  w ith in  0*04%*
( v i i i )  Technique for. experimental "Runs"
(a) "Runs" w ith pure solvents®
A fte r the c e ll had been dried, f i l le d  w ith nitrogen and weighed, i t  
was f ille d  w ith solvent© This was done by inserting  through the BIO 
jo in t in  the c e ll cap a delivery tube long enough to  reach w ell down 
in to  the cell® The delivery tube was sealed in to  a BIO soolcet so that 
a gas-tight jo in  was made w ith the c e ll. The c e ll stop-cock was f itte d  
w ith a soda-Xime tube throughout the addition.
In  the case o f water the solvent was d is tille d  in to  an ion-exchange 
column and collected in  a vessel f it te d  w ith a pa ir o f platinum electrodes 
which allowed o f a rough determination o f solvent p u rity  by measurement
of specific conductivity. The solvent was siphoned off from the 
receiver into the conductivity oell when required®
Small weighed additions of a stock solution of silver nitrate (or 
of potassium chloride in the case of cell constant determinations) were 
then made to the large weighed hulk of solvent and the resistance of 
the solution measured after each addition*
( b ) "R u n s" w i t h  m ixe d s o l v e n t s .
Binary solvent mixtures were used containing 99*9 raole % methanol 
and O M  mole % of another component® These mixtures were made up by 
siphoning methanol directly into the weighed flask A (fig® 5)° ' This
was then weighed and the calculated amount of additive introduced using 
a .weight pipette. Though an error of 0*1 to O*5% was incurred in the 
latter addition, the final mixtures contained 1 & 0*005% o f the minor 
component.
When required,the solvent was "blown over" w ith pure, dry nitrogen, 
in to  the conductivity oe ll*
(o) Preparation of Stock Solutions.
Solutions were made up in 1 and 1-g- litre pyrex flasks similar to 
flask A.
Th© solid was weighed into a small pyrex-glass tube and the tube 
and contents then introduced into the flask. The requisite quantity 
of solvent v/as added, the flask stoppered and then weighed. .An inverted 
beaker was placed over the. neck of the flask and secured by means of a
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rubber* bung thus enclosing an air space in which had been placed a tube 
containing phosphorus pentoxide, All silver nitrate solutions were ' 
stored in the dark. In this way it was found possible to keep solutions 
for several months without appreciable changes in concentration,
(;!?£) Determination of ooll constants.
Cell constants of the cells were determined from time to time through­
out the experimental work.
The cell was blown out with nitrogen, weighed, swilled out with good 
quality conductivity water and then blown out with nitrogen again. 
Conductivity water of specific conductivity lower than 0*1 x 10 ohms * 
was then added and the cell and contents reweighed. The oell was then 
gently shaken and allowed to stand until the resistance reading became 
constant. It was observed that the solvent resistance reading remained 
constant for at least 18 hours once thermal equilibrium had been attained 
in the oil thermostat. Consequently, the solvent conductivity was 
assumed to remain constant for the duration of a "run".
A stock solution of approximately Q*1M potassium chloride was prepared 
accurately by the general method given in the previous section, l$-25 
mis of stock solution were sucked up into the weight pipette from which 
weighed quantities xere added to the oell and contents. After each 
addition the cell was gently shaken and thermal ecmilibrium allowed to 
be established before the resistance reading was noted, ’ It was thus 
possible to take a number of measurements which extended over the
<&s)' W
o on centration range used in the main work® The cell, constant was found 
by comparing each measured value with the She&lovsky value (B0 7) at the 
same concentration, calculated from the interpolation formula (B„8) :«
A  » 149*92 -  93*85 >fc * 500
which agrees with the data of Shedlovslcy (corrected to the Jones and
Bradshaw standard) to an average of 0*5 conductivity unit.
\ *
The cell constant was found to be constant over the working range* 
However, if the electrode depth was below a certain minimum value the 
cell constant value varied and so care was taken in all the experimental 
"runs" to ensure that this minimum depth was exceeded®
SECTION 1
Part 2,
PREPARATION AND PURIFICATION Ob' MATERIALS.
(1) Conductivity water.
Conductivity water was prepared by passing freshly distilled water 
slowly through an ion exchange column 40 era, long and 2-5 ora. in dia­
meter packed with a mixture of anion and cation-exchange resins 
("Bio-Deminrolit", supplied by the Permutit Co, Ltd.), Air was 
rigorously excluded from the apparatus and connection was mad© by 
ground glass joints to the vessels which were to be filled with 
.conductivity water. In this way water of conductivity less than 
0* 2 geramho could bo obtained,
(ii) Organic .Solvents.
(a) Methanol.
"Analar" or refined methanol contains water, acetone and formaldehyde 
as the main impurities. •
acetone was detected and estimated by making use of the iodoform 
reaction. It was found possible to detect 0*001% of acetone in methanol* 
using a method described by Korenmann (b, 9). Briefly, the test 
involved the addition of a mixture of 1 ml of 0°IN iodine solution 
in potassium iodide (ratio I:KI a 1:1*3) and 1 ml of $)N potassium 
hydroxide solution to 1 ml. of the methanol. The cloudiness which
developed after 10 minutes was compared with that produced with samples 
of pure methanol containing various known amounts of acetone. Provided 
the acetone content was less than 0*02% the methanol was simply fraction­
ally distilled before drying. Otherwise the acetone was removed by 
the hypoiodite method of Bates (B® 3,0) and then fractionally distilled 
twice "before drying®
Formaldehyde was detected and estimated using the technique described 
by GdXlo (B*XX). 2 mis of Sohiff*s reagent were added to a mixture of
4 mis of th© methanol and 4 mis of conductivity water. This was then 
left for 30 minutes in the dark and the colour produced was compared 
with colours obtained by using methanol containing known amounts of 
formaldehyde. I n  this way 0*01% of formaldehyde could be detected*
III fact not more than 0*01% of formaldehyde was detected in the unpurified 
methanol. After the usual preliminary fractional distillation, insofar 
as the sensitivity of the test would allow, no formaldehyde could be 
detected.
Various methods have been cited for detecting and estimating water 
in methanol. Gillo (B.ll) recommends the observation of A t  using 
an efficient ebullioscope of the type described by Swietoslawski (B, 12) ^ 
but since this is tedious, the method described by E.R* Weaver (B*X3) 
and by Hartley & Raikes (B.X4 ) was used* The test is founded on the 
fact that any water in the methanol will react with calcium carbide to
give acetylene (CaCg + 2Hg0— — p Ca(0H)2 * C2H2) which can be
detected by ammoniacal cuprous chloride solution. The procedure was 
to first remove any occluded acetylene from the calcium carbide. This 
was done by boiling the calcium carbide with dry methanol for X minute, 
the liquid being completely evaporated prior to use* A blank test . 
was carried out by adding 2 mis of dry methanol to the prepared carbides 
the tube stoppered and left for one minute with occasional shaking.
The liquid was then filtered into 1 ml of the testing solution (made 
by mixing equal volumes of the following two solutions :«
A: 3 gm GuG12j 6 gm NH^Cl, 9 ml 0*880 in 100 ml. H9O
B: 12 gm MS20H® HC1 in 100 ml HgO ),
whereupon a very faint trace of colour developed® This test was
carried out with samples of the methanol to be used for conductivity 
work* The pink colour which developed was compared with standards of 
methyl red which had been matched with odours obtained by carrying out 
the same test with samples of methanol containing known amounts of water. 
Since all samples of methanol contained from 0*08 to 0° 25% water, each 
batch of methanol was dried 'by the method described below.
Frazer & Hartley (B*5) in their work on conductivities of uni- 
univalent salts in methanol preferred the use of aluminium amalgam as a 
diying agent for methanol, but G-illo (B.ll) has suggested that although 
this oan supply a sample containing less than 0*01% water it might allow 
the introduction of volatile aluminium raethoxide into the methanol®
GdlXo recommended distillation from metallic sodium as the most efficient
reaction GH^ONa * JHgO ^ CH^OH + NaOH. It was therefore deoided
to use the latter method© However, refluxing with aluminium amalgam
for several hours, cnen fractionally distilling off the methanol gave
a product the purity of which was comparable with that obtained by the
sodium method® Gdllo observed that after two distillations from sodium
using moderately efficient fractionating conditions, methanol containing
approximately 0*0005% water could be obtained and this was done whenever
the methanol was to be mixed with 0° 1 mole % of an additive© When it
was thought that even a trace of water might considerably alter the
sneoific conduotivitv of the solvent mixture (as in the case, for 
instance, of a 99*9 sole % methanol + 0*1 mole % pyridine mixture) as
many as five consecutive fractional distillations were carried out from 
sodium©
All distillations were carried out using a fractionating column 
1*4 metres long packed with glass helices and using a reflux ration of 
3 to 1 © The methanol was collected at the rate of 100 gm* per hour®
Xt was found that the specific conductivity of purified methanol 
could be appreciably decreased (from 0*02 - 0*010 geramho) by passing it 
down a column 3 cm. in diameter and 30 cm® in length packed with 
"Bio-Deminrolit11 previously dried for one hour at 105°C and soaked, 
then eluted with about 2 litres of dry methanol©
The purified methanol was found to have the following physical
constants
m e t h o d  o f  r e m o v i n g  w a t e r  f r o m  m e t h a n o l  t h e  m e t h o d  d e p e n d i n g  o n  t h e
Boiling point *..*„* * « * 0 64° 57 & 0°02°C (determined)
-®6Specific conductivity 0*01 - 0“04 x 10°" mhos (determined)
Viscosity •«»•«•*»••»»•»• 0* 0054523 poise * (determined)
(b) pyridine
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"AnalaR" grade pyridine was purified by refluxing it with potassium 
permanganate and a 3.ittle potassium hydroxide for 24 hours, distilling 
through a fractionating column and collecting the middle two-thirds 
portion. This was stored in an atmosphere of nitrogen over freshly 
fired lime. Fresh samples of pyridine were obtained from the latter 
by fractionation whenever they were required*
Boiling point ,.... 115* 2°C/760 mm. (determined)
(o) 0(I - Pioqline.
"Pure" grade (X ~ picoline was first fractionated and the portion 
boiling over at X28~130°0 collected. Any traces of aromatic hydro­
carbons were removed by steam distillation in hydrochloric acid solution 
until no hydrocarbon odour could be detected in the distillate« The 
cold acid solution was then treated with an excess of solid sodium 
hydroxide to free the base. After drying over anhydrous potassium 
carbonate the resulting liquid was distilled through a 30 cm. fraction­
ating column*
Boiling point 129°G/760 mm. (determined)
(d) A octon itrile .
A ce ton itrile  prepared from acetainide was shaken w ith saturated 
potassium carbonate solution and then d is tille d  slowly from phosphorus 
pentoxide. On re d is tilla tio n , the frac tion  b o ilin g  at 8l°C was 
oolleoted and stored under nitrogen in  sealed ampoules,
(e) Benzonitrile.
"Pure" grade benzonitrile  was allowed to stand over anhydrous 
magnesium sulphate fo r several hours* : A fte r one d is t illa t io n  under 
reduced pressure (about 100 ram), the middle fraction  being collected, 
the product was re d is tille d  at 7^0 mm. pressure. The portion b o iling  
over at 188- 189°C was collected and stored under nitrogen in  sealed 
ampoule3.
( f)  Nitromethane.
Since there is  a like lihood  o f introducing im purities in to  n itro - 
methane w h ils t attempting to  p u rify  i t  ( B !5) the samples used in  th is  
work were obtained by drying "laboratory reagent qua lity" nitromethane 
w ith calcium chloride and d is t illin g  onoe only. This had to be done 
several times s ta rting  w ith d iffe re n t samples of nitromethane in  each 
case, before a product b o ilin g  steadily at 101°C/760  mm. was obtained.
(g) Nitroethane.
The procedure used in  the case of nitromethane was adopted here 
s ta rtin g  w ith "laboratory reagent qua lity" nitroethane.
B oiling p o in t 11V 9°C/7S0 mm. (determined)
^h) Benzene©
The method o f ifybicka &  Wynne-Jones (B© 16) was used to  pu rify  
benzene. This involved removal o f the most awkward im purity o f benzene, 
thiophene, as the water soluble thiophene -  oC- sulphonio acid©
"AnalaR” benzene was agitated w ith 15% of its  volume o f concentrated 
sulphuric acid fo r 1-2  hours. This was repeated four times® A fte r 
shaking w ith 10% sodium carbonate solution and washing several times 
w ith water, anhydrous potassium sulphate was shaken up with the benzene- 
water layer® The product from th is  was then fra c tio n a lly  d is tille d  
from phosphorus pentoxide© F ina lly  the benzene was fra c tio n a lly  
frozen out®
Boiling point 80°C/760  mm, (determined)
( i i i )  Electrolytes©
(a) Potassium ohloride,
"AnalaR" potassium chloride was recrysta llized  at least three times 
from conductivity water, the f i r s t  crystals being rejected in  each case© 
The crystals were dried in  an oven at X05°C and then heated to  d u ll
i
redness in  a platinum dish fo r 3 hours© F ina lly  they were stored in  a 
vacuum desiccator©
(b) S ilve r nitrate©
A sample o f pure s ilv e r n itra te  was kind ly supplied by Dr® G riffiths©  
This had been prepared by re c ry s ta liiz ing "AnalaR" s ilv e r n itra te  from
conductivity water containing a l i t t l e  "AnalaR" n it r ic  acid. The 
product from th is  was then recrysta llized  three times more from conduct­
iv ity  water, dried and stored as above.
Another sample o f s ilv e r n itra te  was prepared by re c rys ta llis in g  
the sample supplied by Dr, G riffith s  from pure methanol. Iden tica l 
conductivities were observed w ith the same concentrations o f methanol 
solutions of each o f the two s ilv e r n itra te  specimens.
SECTION I I
SECTION I I  
Fart 1nss^es j^fenejRascafflsRS*
The oon&uotivity o f S ilve r N itra te ’ in  
Methanol a t 25°C and the e ffect o f basic additives*
( i)  Introduction
The conductivity o f s ilv e r n itra te  in  methanol has been 
investigated on a number o f previous occasions: Jones and Bassett
(C .l), 1910: Jones and KouiXler (C.2), 1914? Vernette, Getman &5
Gibbons (C*3) s 1914: Hetman <& Gibbons (C*4 ) ? 1915? Fraser and 
Hartley (B*5 )» The latter* workers pointed out that errors had 
been introduced in to  the work o f some authors because o f the wrong 
application o f the solvent correction, which directed them to  suppose 
that there is  a genuine maximum in  the conductivity/concentration 
curve in  the region o f high d ilu tion * Such circumstances t/ere 
found to be most common in  those cases where the solute and solvent 
im purity might be expected to react w ith one another, Xt was clear 
from th is  that, i f  these errors are the cause of th is  trouble, they 
could best be obviated by removing a ll im purities from the solvent* 
They were also av/are o f the inaccuracies introduced by the Ostwald- 
Arrhenius method of d ilu tin g  th© sa lt solution in  the conductivity 
c e ll and instead they used the more x^eliable method o f Whetham (C*5) 
involving the use o f a weight pipette* Aa a consequence, th e ir 
results represented a great improvement in  accuracy over conductivity
work carried out in  methanol and many other solvents up to  that time.
Xn 1955 G riffith s  and Lawrence (G®6) studied the e ffec t o f ion ic 
radius oh the dissociation o f s ilv e r n itra te  In  acetone containing 
various basic additives. Because o f the strong eXeotrophilio 
character o f the s ilv e r ion i t  v/as hoped that the in teraction  between 
i t  and an organic base would be considerable enough to  cause varia tion  
both in  the radius o f the cation and the extent o f association*... . This 
was observed and the extent o f association seemed to  depend on the 
basic strength and the molecular volume o f the additive, although no 
precise relationship between association and each o f these factors 
could be found© The la te r work o f G riffith s  & Pearce (C. 7) in  which 
the conductivity of s ilv e r perchlorate in  acetone was investigated in  
the presence o f small amounts o f pyridine, f$ -  p iooline and
-  co llid in e , substantiated these findings.
I t  was decided that in teresting information might acox’u© from a 
study o f the same problem in  methanol® Since the ra tio  o f ionic., 
m obilities of s ilv e r n itra te  in  methanol is  available from the work 
o f Fraser and Hartley (B*5) a fa ir ly  accurate estimate o f the Stokes0 
cationic radius in  the oases to  be investigated should be obtainable* 
Moreover, the order o f baai3 strengths o f bases in  methanol is  lik e ly  
to  resemble the only comprehensively known one in  water. An attempt
was made to  txy the effects o f aromatic amines on. methanol solutions
o f  s i l v e r  n i t r a t e  b u t  t h e  s o l u t i o n s  t u r n e d  p u r p l e  a n d  d e p o s i t e d  s i l v e r
w ith in  a few hours o f preparing them. , Xt was found possible however, 
to  investigate the e ffects o f two bases, pyridine and *» p iooline, 
and in  each case they were present to  the extent o f 0* 1 mole %  w ith 
respect to  the to ta l number o f solvent molecules.
. D ilu tion  "runs" were, carried out as described in  Seotion X, the 
results tabulated in  Tables IX 1 , I I  2 , XX 3 s XX 4 , XX 5 , XX 69 XI 7 
and XI 8 and shown graphically in  Graphs XX 1 , XX 2 , XX 3a and XI 3b.
The experimental results were treated by the extrapolation method o f 
Shedlovsky (G .il, and in  the cases o f pure methanol and the methanol/ 
pyridine mixture as solvents the method derived by Fuoss from the 
Fuoss-Onsager conductance equation (C. 9 and G !0 ) was used. The 
values o f the d ie le c tric  constant (B) mid v iscosity  (rj) o f methanol 
were taken to  be I) » 31° 53 (G !l)  , r| a 5-4523 x- 10w^ poise
(determined in  th is  work).
( i i ) Experimental.
The lim itin g  law was used in  the form
lo g  f * 1*8246 x 106 I T
M a y / ,
\
The conductivity of silver nitrate in pure methanol at 25°0,
G x 10^ J o *  102 A G x 10**- VC at 1 0 <L A
0*3659 0*6049 103*05 3*4831 1-8663 104” 06
0-4397 0*6631 103*60 3*6764 1-9174 104.-02
0*49X5 0*7011 106* 41 3*8879 1-9718 103*77
0*4939 0*7028 102- 98 4.-0009 2-0002 103*62
0-72 f?-2 0*8510 107-86 4-1215 2*0302 103*46
0-7733 0*8794 108-16 4-1774 2-0439 3.03*29
0-884.6 0-9405 107* 92 4*4857 2*13.80 3.03*10
1-1484 1-0716 107*32 4*9121 2-2163 102-54
1*1650 1*0794 107*46 5*3200 2*3065 102-25
1*1697 1-0815 107* 25 6-0710 2-4639 101-39
1*2365 ' 1*1120
OMg*r-0p*4 6-1200 2-4739 101-41
1*3714 1*1711 107-28 6-7376 2 -  5 9 5 7 1 0 0 - 9 9
1*4039 1*1848 107*01
106-44.
7-1349 2-6711 100-54
1*6958 1*3022 7*6343 2-7630 100*09
2*2160 1*4886 105-75 7*8746 2-8062 99-97
2*3181 1*5225 105-57 8*3205 2-884.5 3 9  " 4 5
2-4594 1*5682 105-57 9*0337 3-OO56 99-16
2*5116 1*5848 105-48 9*4331 3-0713 98-66
2*6372 1 * 6240 105*10 9° 3*1058 98-43
2*7845 1 * 6 6 8 ? 1 0 4 - 9 1 ; 1 2 - 8 2 5 9 3 - 5 8 1 3 9 6 - 4 7
2*8119 1*6769 1 0 5 * 0 6 I 3 .6 - 8 1 3 7 4 - 1 0 0 5 94-* 2 0
2*8595 1*6910 104*92
1MBLE XX 2
T he c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  
9 9°9  mol© % m e th a n o l ~ Q«1 m ole go w vrldtjj
0 s 10^
.TSta**3W^ utn*»—'*ww?<=tr««rw»TOf»jE»«wsf iy*c3!=!j4*;
v/o x  102
&as&iarc~iXilKz37vx>Kt;zi>: ^
A
0-7730 0-8792 105-21
1-6022 1-2658 104-27
1.9077 1.3812 103-79
2.8006 1-6735 102-98
5*4853 1*8669
{
,102.381 i
3*7794 1° 9441 102--15
5 ‘ 4XX4 2-3262 100.81
V
5° 9600 2*44X3 100«43
| 7*010.4 2-6536 99.75
L 708653 2 -8045 . 99-20».iTiBt*8J*»Cre(isc3auzs  ^ vtriMZDzxm™** »?«te«d.ygp
TABLE XI 3-
The conductivity of silver nitrate in
ttv£$= i^=33ssc244ai >CT:^^»ga*ag«**ataj»»=ace^,3c*yayjgaj4ire:ftteM2^tt»?«re,»«gto^ «sv«C»
99p9 m o le  % m e th a n o l  «■ 0*1  m ole  % «  p i o o l i n o
«a
C x 10^
^Q«»»a^ vyT%3JVf>«y*nca4 ta'taq »»'-iyjgmaa»frCTnartwa«H«*Ba>
r ^ i  r%
J C x 10'-
~x^ *o&><VgT»«a^ 4gVgH^g-^  fangjr^awwA.^1* <W»«iBaa»
A  ;
ltevLOii^ vi>l«X7><^ c^ J^cxnrrtCjT8S<+=r-3:rfc3EaciitXhVt»»*
0" 4010 0.6332 99* 71-
0*9464
1
0.9728 103* 93
1-6624 x * 2 8 9 3 103.2?:
3-0385 1 - 7 4 3 1 1 0 1 *  8 ?
4-7190 2 . 1 7 2 3 1 0 0 * 5 8
6*9343 2® 6353 9 9 * 1 0 ;
8*8668 2,9777 97* 94
11*0081 3*3179 96*82
13*3527
Vmnxyr.VLiAnu.i jy.u.flr«r *^'T5watto£W .^req.4y gc
3 * 6 5 4 1
iy#=^i==tertt=tir4sxtm3£ftkiytttu«yiPM4W r*v!Eift*-4=rms*isi
95-77
Jtuia’affii£rw«wiS3«.T<vafV!=sO£twwffs«B<Erttai«a»4JwsjH*
5 3
Shedlovslcy e x tra p o la tio n  fu n c tio n s  f o r  s i l v e r  n i t r a t e  
I n p u g e  methanol a t  2jj°6a
TMEJ3 I I  4
f a se io4 1 8(a) Asia),
A°
t±2
«*CT*n»^iCg.a» t»lgs.iy
xo? 
A3 (a) i4of±%(ajxjj
| jS 3'4831 j 1-0ii26 0*9790
r— T-—  
0*8453 0.9217 3-1870 J
| 3-6764 1-0438 0s9797 0*8393 0*92X0 3-3503
| 3-8879 •
! 4-0009
1
j . 4-1215
1-0450 0-9765 0*8353 0*9221 3“5217
1*0457 0*9711 0*8332 0°9229 3-6119
1*0463 0*9768 0*83X0* 0*9237 3-7076
4*1774 1*0466 0* 9755 0-8300 0*9250 3-7485
4*4857 1-0483 ;I 0* 9752 0*8245 0*9253 3-9970
4-9121 1*0505 0*9719 0*8174 0*9284 4- 3248
j 5-3200 1*0525 0*97X0 0*8108 0*9292 4- 6419 *
| 6-0710 1-0559 o° 9660 0-7997 0* 9340 5*1979
6-1200 . ’ 1-0562 0*9664 0-7990 0*9337 5-2370
6-7376 1*0589 0 * 9649 0-7903- 0*9351 5*6945
7-1349 1-0605 0*9620 0-7852 0*9379 5*9733
7-6343 1*0625 0*9595 0-7790 0*9404 6*321,1
7-8746 1-0635 0*9593 0-7760 0* 9406 6*4962
8-3205 ' 1-0651 0*9558 0*7709 0*9441 6-7939
9-0337 1-0678 0*9554 0?7625 0*9444 7*2936
9-4331 1-0692 0*95X9 0.7584 0« 9479 7*5470
9-6461 1-0699 0*9502.,; , O.7562 0,9496 7*6821
12-3259 | 1*0802 • 0*9/403 0-7258 0*9596 9*7006
16*8137 1 1*093.2’ ‘
-iVi; eSKJKH sormftltaatg^atasssaMa:
0*9274 0*6946 0*9729 12*0040 j
EABM3 I I  5Quss&m Mjawxft xa.*Jit usssssiysS&ts*
Shecllovsky extrapolation functions for silver nitrate In 
99119 mole % methanol + 0*1 mole % wriMne at 25°0B
XO'?
3’
3-7794 
5*4314 
3 -9 6 0 0  
7 * 04X4 
7 u8653
S ( a ) A 8 ( b 2  
A  0 .
scssi*s*Ti  ^nrjn x ss^ TJsjOTrc^ jaoa&sttit = r
O
■ .p&c. 1 0 a
*&fe!&4MR3?K3lri
A f f o )
x  t\pttii \^k^ f^ os4t«u«s&un&t> -ttertvrji r«Jj *J-
MMmwwMira M*/?i4/UW^ =Kr3xn.TWtf. ?S»
/V C f* 2 3 ( s ) l < ? |
1 * 0 4 3 6 0 * 9 8 9 4 0 * 3 4 2 2 0 °  9 3 3 9 . 3 * 2 .3 6 4
1 - 0 4 5 4 0a 9 8 8 9 0 . 8 3 6 3 0 ’> 9 3 ^ 4 3 * 3 7 5 4
1 - 0 5 4 2 0 - 9 8 U 0 - 8 0 7 8 O ^ A IO 4 * 6 4 5 6
1 - 0 5 6 9 0 * 9 8 2 9 0 - 7 9 9 5 . 0 * 9 4 2 1 5 * 0 5 7 3
1 - 0 6 1 7 0 -  9 8 0 7 0 * 7 8 4 5 0 * 9 4 4 2 3 * 6 4 8 5
1 - 0 6 5 2
■^TVTKXi’rm ^^ ^ ■*e**c^ ra^ ru.T^ cTiJjYtr*r*r»vv
0 -  9 7 8 5
>M.*nnwxvz3V»^ xti»ve«to'teto«vi'*<#ey»*'BiF
0 - 7 7 3 7 0 * 9 4 6 4 6* 4 3 0 4  I
'  jrfrrsTif^ rT efV?.x2Sti‘4>r4^ tirac:t-irtia5ssrr^ .-i
Shefllovsky extrapolation functions for silver nitrate in 
99*9 mole % methanol - 0*1 mol© % ^ p ipeline 0/c 25°C0■g<t==a=^ g^gfe!3tt9cs,jg£asagayga«i!rii'i*^ri'iii,rt»HV<*^ ?rmga»B Bii'i^ iiii i wi'Hn f^z:vJ^ &t!nTxz&cj.^ 2at.iKr>satm;rt&u*uw?*sz!2se4myw**Jwy*&&V'3ui££w*ia
TABLE II • 6
C x  10^ S(ss) AMglA  o
■ftp. 2 10 2 Aaf%2S(ss) 
x  10*2
4-7190 1*0510 0*9880 0*8189 0*9460 4*0851
6-9343 1-0617 0*9834 0*7854 0*9504 5-7299
8-8668 1*0696 0*9792 0*7614 0*9545 7*0725
11-0 0 8 1 1*0774 0*9751 0-7385 0*9586 8*4808
13*3527 1*0851 0*9713 o* 7166 0-9623 9° 9438
TABLE I I  ?
<K&-swa» •eranr.sansrriziHMMt
ffuoss fu n c tio n s  fo r  s i l v e r  n i i r a te  
in  pure m ethanol a t  25°C,
A 0 = i n *  oo
C x h A • ' % A  %.2 Esiciogjsc (A+B A o)/S t 0 A  A  
®c c
4-0000 0-9170 87-09 0-93 5-0? 3670
6-2500 0-8991 81-89 l*-3$ 6° 30 3350
]
OI 0-8821 77-08 1-85 ; 7-5i 2990 '
.TABLE I I  8
IMP* G*m-*ii«!fl&*t*a=sa3T«i«W^ ^
Fuosa fu n c tio n s  f o r  s i l v e r  n i t r a t e  i n - 99*5 mol® %  m ethanol -  
0 - 1  mole %  p y rid in e  a t  25°G,
^ t^rSgft^^^aWtta^targwatiftaarga^ acwBXCsVT^ S^  fw»»MlWwcg^a^Rrea±sflac>>3iisa<UCTar>M£t>yBy*i«ettgTCg3Ci
A 0  = 1 0 8 -1 0
C x 10L % A f J  jsacalogftfc (A + B A o)/^c  1 A A  j ©s ti
4-0000 0-9162 85-57 0-92 5-05 492
6-2500 0-8978 80-79 1-34 '6-30 352
9*0000 0*8803 76*56 | 1*85 7*54 j 214
/S A 1Qa A w A* (See Appendix II)
s ! c  x  10 2
G R A P H  E  2
♦ p u re  m ethanol
O 9 9 .9  m o le%  m ethanol — Q.1molc% <x- pic o line
A 9 9 9  m ole %  m ethanol — O.lmole0/© pyridine
Q 9 6 0 0
Q 9 4 0 0  -
0 . 9 2 0 0
Q 9 0 0 0
4  6
A c f +2 S ( Z )  x  1 0 2
7 8  A f ± 2  8 2 8 6
W h ere  I  m i o n i c  s t r e n g t h  o f  t h e  e l e c t r o l y t e  s o l u t i o n ,  K  t h e  
r e c i p r o c a l  o f - t h e  r a d i u s  o f  t h e  i o n i c  a t m o s p h e r e  a n d  11 a M i s  t h e  m ean  
i o n i c  d ia m e te r ®
A c o r r e c t i o n  w a s  m ad e f o r  t h e  d i e l e c t r i c  c o n s t a n t  i n  e a c h  c a s e ,  
a s s u m in g  a  l i n e a r  r e l a t i o n s h i p  t o  h o l d  b e t w e e n  t h e  c o m p o s i t i o n  o f  
t h e  a p p r o p r i a t e  m i x t u r e  a n d  d i e l e c t r i c  c o n s t a n t ©  (T h e  sa m e  v a l u e  
o f v j  w a s  u s e d  t h r o u g h o u t ,  t h e  m axim um  p r o b a b l e  e r r o r  i n  t h e  f i n a l  A  0
- v a l u e ‘b e i n g  l e s s  t h a n  0 ° 01%  a n d  0 *0 2 % I n  t h e  .S h e d l o v s l t y  a n d  F u o s s
d e t e r m i n a t i o n s  r e s p e c t i v e l y  «  s e e  A p p e n d ix  1 X 1 ) ,
T h e  i n t e r c e p t s  a n d  s l o p e s  o f  t h e  S h e d X o v s k y  e x t r a p o l a t i o n  p l o t s  
g a v e  v a l u e s  f o r  A  0  a n d  ICA ( a s s o c i a t i o n  c o n s t a n t )  r e s p e c t i v e l y ®  T h e
. A  v a l u e s  w e r e  s u b s t i t u t e d  i n  t h e  e q u a t i o n :
A Q n  • «  eF  / I  1 \  • ' /
• 6 ? f  *1
( r y a n d  y ,  ur©  t h e  S t o k o s 8 r a d i i  f o r  t h e  c a t i o n  a n d  a n i o n  r e s p e c t i v e l y  
F  55 9 6 , 5 0 0  c o u lo m b s ,  a n d  © i s  t h o  e l e c t r o n i c  c h a r g e ) D a  fo r m  o f  t h e  
W a ld e n  H u l e 5 t h u s  a l l o w i n g  v a l u e s  o f  t h e  S t o k e s 3 c a t i o n i c  r a d i i  t o  b e  
o & lo u X a ted ® . S i n c e ,  a s s u m in g  S t o k o s 8 l a w  t o  b e  t r u e ,  i o n i c  r a d i i  a r e  
i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  r e s p e c t i v e  i o n i c  m o b i l i t i e s  a n d  t h e  
l a t t e r  h a v e  b e e n  d e t e r m i n e d  f o r  s i l v e r  n i t r a t e  i o n s  i n  m e t h a n o l  
( A 0 *  a  52® 2 % §? 6 0 * 8 )  b y  F r a g e r  & H a r t l e y  (B* 5 )  $ t h e  -
a b o v e  e q u a t i o n  r e d u c e s  t o  ”
r .  ‘ss 0* 3608 eF
The v a lu es  o f  th e  a s s o c ia t io n  co n stan t found from th e  Shedlovsky 
e x tra p o la tio n  p lo ts  wore used to  c a lc u la te  th e  "a” param eters (a^) 
f o r  th e  ions concerned accord ing  to  th e  theoxy o f  Fuoss (C. 1 3 ) which 
re p re se n ts  an improvement on th e  Bjerrum treatment® A lte rn a tiv e  va lues 
o f  "a" (a^A o)*  an d A 0 were a ffo rd ed  in  th o se  oases in  which th e  more 
re c e n t e x tra p o la tio n  techn ique  o f  Fuoss (C*I0) was used. T his technique 
was used only in  th o se  oases in  which th e  weight p ip e t te  method o f 
a d d itio n  o f  e le c t r o ly te  s o lu tio n  had been employed®
The a / c  p lo ts  in  a l l  th re e  cases show co n sid erab le  d e v ia tio n  a t  
v e ry  high d i lu t io n s .  T h is e f f e c t  was observed in  a l l  th© m ixtures 
s tu d ied  except m ethanol/n itrom ethane and i s  a t t r ib u te d  to  so rp tio n  
o f  th e  e le c t r o ly te  on th e  e lec tro d es*  No f u r th e r  mention w i l l  be made 
o f  th e  m a tte r  a t  t h i s  s tag e  s ince  i t  i s  d e a l t  w ith  a t  len g th  in  
Appendix X . ' ’ •
Xn a l l  cases b u t one, only  th o se  r e s u l t s  which l i e  on th e  l in e a r  
p a r t  o f th e  p lo t  were considered  fo r  com putation by bo th  th e  Fuoss
& Shedlovsky ex tx 'apo lation  methods* S ince, i n  th e  case o f nitrom ethane 
no dep ression  o f A v a lu es a t  h igh  d i lu t io n s  Y/as observed and th e  p lo t  
was non® linear, in  th© manner o f a weak e le c t r o ly te  a t  such d i lu t io n s ,  
a l l  va lues were considered  f o r  computation*
The v a lu es  of ' A0,- -r+ f- and the solutions
in v e s tig a te d  a re  g iven  belov/*
-  1
Solvent A  o  
Shed. Fuoss
■
ka
Shedo 3?uoss
V©
A
tu>mr-v4 H
0
\
Q
\ h o
■
Pure Methanol 110-88 111°00 73*8 67*8 2*94 2-28 5*24
99°9 mole %  
methanol * 
0*1 mole fa 
pyridine 108-01 108°10 37*2 30-1
i
3 * 11 2-68 * 4 ° 93
99*9 mole %  
methanol * 
99*9 mole % 
picoline 107*01 32-2 3« 18 2*?8
&
v  a  2*S2A
( i i i )  D iscussion
I t  must f i r s t  be p o in ted  ou t th a t  th e  ICA, A -and iVQ v a lu es 
ob ta ined  from th e  Fuoss trea tm e n t and which should  be more r e a l i s t i c  
on aooount o f  th e  in c lu s io n  o f  th e  concept o f  io n s  as f i n i t e  spheres 
i n  t h e i r  d e r iv a tio n , may be su b je c t to  some e r r o r  s in ce  th e  p re c is io n  
o f  th e  d a ta  concerned (£ 0*02 -  t  0°04%) could  w e ll l i e  o u ts id e  th a t  
( t  Q‘02%) recommended by Fuoss & Kraus (C.X4) f o r  th e  d e r iv a tio n  o f 
meaningful values. Most ©f th e  d isc u ss io n  w i l l  th e re fo re  c e n tre  
round th e  and A Q v a lu es  o b ta in ed  from th e  Slie&lovsky p lo ts  and 
the a^ . v a lu e s , Any m ention o f  th e  o th e r  v a lu es t r i l l  be a p p ro p ria te ly  
specified.
S ilve r n itra te  behaves as a somewhat weak e lectro ly te  in  methanol 
although in  water i t  is  a strong e lectro lyte* This is  not surprising 
because the lower d ie le c tric  constant o f methanol should favour the 
association process. By extrapolating th e ir A ~  4  C p lo t,
Frazer & Hartley obtained a value of 112*95 for A Q with which th© value 
of 1 1 2 ’ 37 obtained in this investigation, by similar extrapolation, 
compares favourably. However, by using the Shedlovaky ©actarapoXation 
method, association constants can be determined® The value of 2*944 
for the cationic radius is much larger than, the crystallographies radius 
of the silver ion, indicating considerable solvation* The corresponding 
value in water is a little less than half this value and if allowance 
is made for the molecular volumes of v/ater and methanol in th© 
respective cases it is apparent that more molecules of methanol than 
water solvate the silver ion. Both th© and valuos are
probably representative of the centre to centre distance between the - 
ions at contact of the spheres which are electrostatically equivalent
to the ions* When compared with the Stokes5 cationic and anionic
o  b oradii of 2* 94A and 2*52A respectively, the value of 2°23A seems
&-
lees feasible than th© &KAo o m  of 2l*A 6 This gratifyingly 
justifies to some extent the use of the recent Fuoss extrapolation
technique, since the mean diameter of the ions, calculated from the
» o "respective Stokes radii, is 5*46A the difference between the latter
the solvated shells of each of the ions.
The effect of the basic additives on:the conductivity of silver 
nitrate in methanol was to reduce the value of A 0 indicating that the 
mobility of the cation is impaired due to the formation of a cationic 
complex presumably of the type
\N: + Ag+ + : ^  ( ^NAgi^ )+ ' EQH.l
The studies of Ahrland, Ghatt, Davies & Williams (G!5) on the effects 
of several ligand groups, including ammonia, on silver ions, indicated 
the above eouation*
The depression of A  0 is greatest in the case of ® picoline 
but since both the molecular volume and basicity of - pi coline are 
greater than the corresponding values for pyridine nothing precise can • 
be said as to the extent to which each of these factors has contributed 
to produce the observed effects. However, the proposition that as the 
magnitude of molecular volume of the completing base increases, the 
ionic mobility decreases, is well nigh fundamental, Breuhlman & 
Werhoek (C. 16) have shown that th© equilibrium constant k for EQN 1  
in the eases of pyridine, ©4- piooline and $ - pioollne increases 
linearly with basic strength. The order of stability of the silver 
ammine complexes for aoridine, quinoline, iso-quinoline and pyridine was
a n d  t h e  v a l u e s  o f  5 °  2 4 &  b e i n g  a c c o u n t e d  t o  a  l i t t l e  o v e r l a p  o f
hotea by Fyf© (0*1 ?) to correspond to the IT® electron densities osx 
the nitrogen atoms of these bases© In addition. In an Investigation 
in to  th e  c o n d u c tiv ity  o f  p io r io  a c id  in w a r io u s  noii®aqusous so lv e n ts  
“Moore & Johns (C#18) concluded that’the.ionisation constant depends 
upon the electron shaxdng capacity of the radicals in the solvent 
molecules rather than on the dielectric constant of the solvent© >■. It 
therefore seems highly probable, as Griffiths & Pearce (G®19) have 
pointed out, that k of SQM 1 will be greater tho stronger the base 
involved© Consequently, the number of silver ions completed in this 
way trill be likewise dependent on the strength of the base©
The addition of a basic additive to the solution of an
incompletely dissociated electrolyte in a more or less neutral solvent 
may influence the conductivity in three -ways© Firstly, the greater 
the molecular volume of the solvating additive, the greater tho sis©
of the conducting species and tho greater tho viscous drag exerted
\on it by tho solvent© This.will produce a docrease in the mobility 
of the- cation and hence the electrolyte© Although this statement 
should bo qualified with ateric considerations as to the shape and 
sis© of both the ion and solvent molecules and th© extent of solvent 
structure derangement'duo to the ion, it appears in the present case 
to be true* Secondly, since the number of silver ions which fora 
the complex will be greater the stronger the base, this again will
silver ions from the dissociation process according to BQN X will render
available more conducting ionic species. The A /^c"plot will*
therefore exhibit a lower A  0 value and less steep slope than would 
be the case if the basic additive were absent, The results for th© 
conductivities of silver nitrate in binary mixtures of methanol and 
organic bases seem not to render necessary,any modification of these 
concepts.
As an ion passes through a solvent which possesses quasi- 
crystalline properties, disruption of the solvent structure at some 
point in the vicinity of it probably occurs, A cogent explanation of 
this tendency may be found in the view that solvating molecules ar© 
pulled away from the solvent structure to become attached, permanently 
or otherwise, to the ion, and such solvent molecules are no longer able 
to play their complete role in the solvent structure. There consequently 
arises a shell of deranged structure immediately surrounding the ion and 
its solvating molecules. If a small amount of an organic base is 
added which will solvate the cation more easily than the original* 
solvent, the general structure of th© latter is unlikely to be modified 
very much but those molecules of it originally involved in the solvation 
process become replaced by molecules of base and these may form a 
complex of such a,shape and nature as to produce the minimum disturb­
ance to the surrounding solvent structure®
d i m i n i s h  t h e  o v e r a l l  m o b i l i t y  o f  t h e  i o n s *  T h i r d l y ,  t h e  r e m o v a l  o f
The value of 495A for the methanol/pyridine mixture again
©appears more real than the one of 2°68A and suggests the application
o
of the Fuoss^ treatment is justified* The smaller value of 4* 95A in 
the methanol/pyridine mixture as- against 58 24 A in pure methanol at
first sight compare unfavourably with the respective cationic Stokes
a o * ' -radii of 3sHA and 2* %A. However, the silver«pyridine complex is
probably bilateral in shape thus allowing an oppositely oharged ion to
approach closer to the silver ion itself than may be the case in pure
methanol in which the conducting species are more likely to be spherical.
If a straight line were to be drawn between the peripheries and in
alignment with th© centres of associating ionio species,according to
Frank, Evans <£ Wen+Yang Wen, (G* 2D) the following regions would probably
be encountered:
1 ) a molecule or molecules of solvent more or less 
rigidly held by the cation? * .
2) a region in which the solvent structure is disrupted?
3) a region of normal solvent structure, only slightly
polarised by the weals field of either ion;
4) a region in which the solvent structure is disrupted;
3) a molecule or molecules of solvent more or Xe3s
rigidly held by the anion.
The solvent molecules residing in the general solvent structure
between th e  an io n ic  and c a t io n ic  sp ec ie s  should ho X’emoved In  th e  
a s s o c ia t io n  process© Those so lv en t m olecules re s id in g  in  reg io n s 2) 
and 4) should a ls o  'p resen t l i t t l e  sresi s tan ce  to  be in g  x’emoved so t h a t  
th e  space between th e  io n s  in  th e  f i n a l  s tag es  o f a s s o c ia t io n  i s  f i l l e d  
by th o se  m olecules which a re  somewhat r ig id ly  h e ld  by th e  io n s some 
o f  which may o r  may n o t be u lt im a te ly  removed® The in te r e s t in g  p o in t 
which a r i s e s  h ere  i s  t h a t  s in c e  th e  reg io n  o f weakened s t ru c tu re  
surrounding an io n  i a  probably  inc luded  in  th e  spheres hydrodynamlcaXXy 
. e q u iv a le n t to  tho  conducting io n ic  sp e c ie s , th e  c lo s e s t  d is ta n c e  o f 
approach o f  th e  c e n tre s  o f  th© io n s  v rill probably  be sm a lle r  th an  th e  
sum o f th e  hydrodynamic r a d i i  o f  th e  c a tio n  and an ion . I f  th e  aj^ 0 
v a lu e s  ob ta ined  from th e  p re se n t work a re  r e a l i s t i c  t h i s  contingency 
appears to  be r e a l is e d .  Kcmevor, th© &j£/\0 v a lu es  a re  d e riv ed  from a 
th eo ry  which c o n s id e rs  th e  anion and c a tio n  as spheres e l e c t r  o a ta t io a l ly  
eq u iv a le n t to  th e  ions and which do n o t in te r p e n e t r a t  e 0 C onsequently, 
th e  only su re  conclusion  i s  th a t  th e  spheres hydrodynaraioally e q u iv a len t 
to  th e  io n s appear to  be la r g e r  th an  t h e i r  e le c t r o s t a t i c  c o u n te rp a r ts© 
The xiixexpeotedly sm all Q in  th© case  o f th e  rasthanoX/pyri&ine 
m ixture may mean th a t  th e  d if fe re n c e  between th e  s iz e s  o f th© 
e le c t r o s t a t i c  and hydrodynamic spheres I s  g re a te r  than  in  pure m ethanol. 
However, to  every  argument th e re  must apply th e  re s e rv a tio n  th a t  i f  
o p p o s ite ly  charged io n s  can approach one ano ther to  w ith in  a  d is ta n c e
below which th e  d i e l e c t r i c  co n stan t i s  a r a p id ly  v a ry in g  q u a n tity , th e
calculated "a" parameters may lose much of their significance.
4 ,
Xn concision it can be stated that the association process is 
inhibited somewhat by an increase in ion size. The use of the recent 
Fuoss extrapolation technique for derivation of A  0, 8^ and ^ 
gives a value for the latter which compares well with the sum of the 
hydrodynamic radii of the anion and cation0 As a conseauence^  the 
quantitative dependence of association on ion size is more clearly 
realised. Furthermore9 a greater affinity between the ion and
solvent molecules corresponds to an increase in dissociation if the 
electrolyte concerned is not already completely dissociated®
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SECTION II
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Part 2. •
Nt*2*re^^m$3a,*t9*sv«y«4eoi
The conductivity of silver nitrate in methanol at 25°C 
and the effect of aliphatic nitro compounds as additives*
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(i) . .^trqdupjjioji
Wright, Murray«Rust & Hartley (C.21) studied the conductivities 
of a large range of electrolytes in nitromethane and .revealed that 
although one would have expected loss association in nitromethasie 
than in methyl and ethyl alcohols because of the higher dielectric 
constant of nitromathan©, association is favou5?ed* They suggested 
that the prevention of ionic association in hydroxylio solvents 
could be due to the protective sheath formed round the cation and 
anion but since nitrometh&ne has donor properties only it should 
solvate the former and not the latter, th© absence of interaction 
between anions and nitsmethane thereby facilitating association with
l. • ’
the cation* Furthermore, it was observed by these workers that 
addition of a small amount of water to a solution of perchloric add
. s '  1
in nitrooiethane increases the conductivity in contradistinction to tte 
decrease recorded when either methyl or ethyl alcohol was the main 
solvent* The latter effect was attributed to the decreased mobility 
of the' proton' caused by hydration.
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It was decided to add a small quantity, in each case, of 
nitromethane and nitreethane to a solution of silver nitrate In 
methanol in order to gain more knowledge of the part played by aliphatic 
ultra compoundss as solvating agents, in conducting processes of ions,
(ii) •Experimental,
Dilution "runs*1 were carried out as before and the results 
tabulated in Tables XI 9? II 10, XI 11 and XI 12 and shorn graphically 
in Graphs XX 4 and XI 5°. The experimental data were treated as in 
Section XX, Part 1, the results of which appear in the table below.
gjaaaawWttqawaBtti vipa^«aao>ey=agc?j
Solvent
Pure methanol
99*9 mole % methanol * 
0 °1 mole f nitromethane
99*9 mole % methanol * 
0*1 mole % nitroethan©
o
Shed. Fuoss
X I 9* 0 9  **
rry--*jv  fcv *a'D-s^ a • o  ft fca 6^  ^ 1= 1: t-v« j j  ft,
1 2 0  1 1 3 - 3 3
KAShed. Fuoso 0r+
0
aK
0
aK A Q
T>75 67+7| 2* 9 4 5*24 ~I
30+00 «. 2° 4 9 1 ! 1
1 veiy 
large
6 9 1  "I 2+33 ,1 * 6 0 | -
An attempt was made to submit the results obtained with nitro­
methane as the additive to the recent fuoas treatment (C„9 and C.10) 
Only the results for the higher concentrations (provided Hfa < 0*2) 
were considered for computation since an error as small as 0*02 of a 
conductivity u n it in  A  , at a concentration of 2*0 x 10”% , produces 
an error of several per cent in y. The final A  3 - A  Q /Aff&
04 O
7The co n d u c tiv ity  o f  s i l v e r  n i t r a t e in  
99° 9 mole %  m ethanol « 0* 1 mole %  n itrom ethane a t  25°Gn
C x lo 1'- >f G x  101- A  j
0-5558 0*7455 112*79
0*844-8 0*9191 111*07
1*2452 1* 1 15 9 109*61
1*6065 1*2675 108*65
1*8058 1*3438 10 8 *12
1*9993 1*4140 107*8?
2*4986 1*5807 107*02
2*9818 1*7268
■
106*25
3*2496 1*8027 105*99
3*9031 1*9756 10 5*16
4*7042 2*1689 104*1?
4*7141 2 * 17 12 104*11
5*9918 2*4478 102*91
6*5447 2*5583 10 2 * 34
7*6343 2* 7630 i 10 1*36
8*8539 2* 9755 100*30
J l*0325 3*3215 98*61
The conductivity of ©liver nitrate In  
99*9 mole % methanol -  0*1 mole % nitroethane at 25°C©
T A B IS  I I  XO
.... ....
C x 3.0*!' TO x 102 A
0*3601 0*6001 108*40
0*7216 0*8495 108*60
0*9525 0*9760 108*16
0*9529 0*9761 108*14
1*3652 1*1684 107*98
1*5620 1*2498 107*40
1*8477 1*3593 107*10
2*4093 1*5522 106*41
3*4012 X*8i{42 105*3?
4*5733 2*1385 - 104° 06
6*1003 2*4699 102*73.
7*1519 2*6743 101*94
7  4
She&lovakY extrapolation functions fox* silver nitrate in 
99° 9 mole % methanol - 0° X mole % nitromethane©
(WJSIiE I I  11 '
C x h A S.(s) A s(s)
*Ao
f 2J*JL3& 102 A cfj.2S(a).Jw* fV■K 102AS(zJ
0*5558 1*0160 0* 9518 0* 9351 0*8726 ■ 0*5956
0-8!,48 1*0196 ,0*9405 0*9211 0*8831 0*8811
1* 2452 1*0237 0*9319 0*9054 0*8913 1*2650
1 * 6065 1*0268 0.9266 0*8936 , 0-8964 1*6015
1-.8058 X*0284/ 0*9235 0*887? 0*8994 1 * 7824
1-9993 1*0298 0*9227 0*8823 0* 9002 1*9596
2*4986 1*0333 ' 0*9185 0*8696 0* 9043 2*4028
2-9818 1*0363 0*9145 0*8588 0* 9082 2*8194
3* 2496 1*0378 0*9136
-
0*8531 0*90.91 5*0493
5*9031 1-0414 ■ 0*9096
.
0*8405 0*9131 3.5927
4*7042 1*0453 0*9044. •
[
! 0*8268 0*9183 4*2353
4* 7141 1*0453 0-9039 0*826? 0* 9188 4* 2412
5*9918 1 *05X0 0*8983 ’ 0*8074 0a 9246 5*2323
6*544? ' 1*0532 0*8951 | 0*8000 0*9279 5* 6426
7*6343 1*0573 0*8900 | 0*7863 0*9332 6*4330
8*8539 1*0615 0*8842
[
0*7726 0*9393 7*2823
11*0325 1*0682 0*8749 0.-7509 0» 9493 8*7263
j
iI
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She&lovaky extrapolation .functions for silver nitrate in 
9 9 * 9  mol© % methanol « 0 * 1  mole % nitroettoief^*f3ZJtiZttxi5s?xzz2s t*jawAacyg?Rfoi^ss±fta^'S^^3^teMac»^ ties ixaaagfr
at 25°C
«CT»S3CSS *^SL®?MK^OSr5»
T A B L E  I I  1 2
0  K io*<- S ( b )
•ewWT* ^)Wtw«<w^ Sw^ fcsfces?*HBrEawcUafi«*3
A S  I s )
*«i»stcv>j3 &?«?»
A  O
^»»arvi»aTO23C7s<wi«jpmiWSr^«a^
f ir 2
— M—  .  ■
1 0
<rtar*tA^x»i5asWfc
/ \ S ( b )
A ta fk * s .(  >5 )
0
sc 1 0 *
3 - 4 0 1 2 *1 * 0 2 8 6 0 * 9 0 9 0 0 * 8 5 0 2 0 * 9 2 2 6 X * 6 9 9 5
4 - 5 7 3 3 1 * 0 3 0 7 0 - 8 9 9 5 0 - 8 2 9 3 0 - 9 3 2 4 1 * 9 0 2 1
6 - 1 0 0 3 . 1 * 0 3 2 8 0 - 8 8 9 6 0 * 8 0 6 5 0 - 9 4 2 7 2 * 1 1 3 1
7 -3 -5 1 9 1 * 0 3 4 0 0 * 8 8 4 0 0 - 7 9 2 9 0 - 9 4 8 7 2 - 2 3 5 0
.V,

1 0 0
A S ( Z )
0 . 9 2 0 0
0 . 8 9 0 0
0 . 8 6 0 0
0 . 8 3 0 0
A c f  S ( Z )  x  1 0
plot gave a value for J (and hence ) which is ridiculously high*
Because of thio and the fact that further exclusion of lower 
concentration values would yield a result not representative of the • 
overall picture, the and values obtained from the computation
are not shown*
(ill) Discussion*
Silver nitrate behaves as a weaker electrolyte in the methanol/ 
nitromethane and methanol/nitroethane mixtures than it does in pure 
methanol* At first sight it appears that despite their donor propertiesf 
nitroparaffins inhibit solvation of the cations® However, th© Stokes0 
cationic radii are still of sufficient magnitude to infer some solvation® 
Though the cationic radius is smaller in me thsnol/nitromothane than it 
is in methanol/nitroethane, due consideration for the Xax’ger molecular 
volume of nitroetkano makes it appear that as many, if not more, 
molecules of nitrometh&ne than mtroethane are Involved in the ..solvation 
process* Presumably, the extent to which the methanol molecu3.es 
solvate the anion is about the same in the methanol/nitroparafflh 
mixtures as it is in methanol. An explanation for the increased 
mobility is afforded when solvent structure is considered in relation 
to a solvated ion® If it is assumed that one or more nitroparaffixi 
molecules become, more or less, permanently attached to the cation, 
the dragging effect exerted by the solvent structure on the cation may
be considerably decreased for the following reason© Those methanol 
molecules which solvate th© cation in pure methanol may not b© 
completely removed from the solvent structure. Consequently, the 
solvent structure impairs the mobility of the cation (and the anion)©
If these methanol molecules are replaced by nitroparaffin ones it is 
hardly likely that the latter will fit into the methanol structure * 
to the same extent that solvating methanol molecules do© In such a 
case solvating nitroparaffin molecules trill be responsible for freeing 
the cations from the dragging influence of the solvent structure©
The fact that little difference in equivalent conductivity was observed 
by Griffiths & Pearce (C.22) for silver nitrate in acetone on the one 
hand and acetone/nitr oiae+hane on the other, may be due to the weaker 
structure of acetone compared with that of methanol© In acetone, 
therefore, any nitromethane molecules which solvate the cation may 
not have any considerable effect in releasing the cation from the 
impairing influence of th© solvent structure.
The great discrepancy between the and A values in the case 
of the methanol/nitromothane srisrbnre makes the search for a relation** 
ship between either of these and association difficult. Furthermore, 
neither th© values of a^ nor of ^ q in the case of each mixture 
seems acceptable, although the values show a feasible variation 
with association© Xn view of the relatively small cationic radii
in the mothanol/nitroparaffin mixtures one would have expected a 
correspondingly small a  ^ value* Moreover if the extent of solvent 
structure breakage in the vicinity of the cations is greater than In 
pure methanol in either range and/or degree of bond weakening, the 
difference between the sum of th© hydrodynamic radii and the "a" 
parameter should be correspondingly greater and provided there is an 
electrostatic force of attraction betv/een cation and anion when these 
are in hydrodynamic contact, the "a" parameter should be smaller than 
th© sum of the Stokes5 cationic ami anionic radii* ’ However th© real 
dielectric constant operative in th© association process may be quit© 
different from the macroscopic value « a possibility which may account 
for the unreal tv  a value®
f j l  S jt ! { t  J jj 0
To conclude, it can be affirmed that th© association process
is accompanied by a decrease in ion sis©* The Increased mobility
of silver nitrate in methanol caused by the addition of a small
amount of nitromethaae ©r niiroethaa© has been accommodated by the
concept of solvent structure breakage cited as occurring In th©
vicinity of ions® However, the very high cl, parameter for the& A ©
methanol/siitromethan© mixture appears to be unreal, and this may be 
accounted for by a change in the bulk dielectric constant value in 
the vicinities of associating ions®
Q  i
Part 3 ... .
The conductivity of silver nitrate;, in W ^ M \ o 1 .'.^ .R5l?0.
. and the effect of nit riles a s additives.
(i) Introduction
^  * «£S J^co iUSnv>Vi*Ji>A cfyJ
Xn 1928 Martin (G.23) investigatedf among other electrolytes, 
the conductivity of silver nitrate in Lenzonitrile solution and found 
that the salt behaved as a we ale electrolyte. From a comparison of 
his work with that of Frazer & Hartley (B, 5) who studied the same 
electrolyte in ©ethanols Martin concluded that, since the ratio of 
the equivalent conductivities at infinite dilution in bensonitrile 
and methanol was equal to the inverse ratio of th© viscosities of
those two solvents * the extent of solvation of the electrolyte is 
about the same in bensonitrile as it is in methanol. •
The study of the conductivity of silver nitrate in a methanol/ 
bensonitrile mixture in which the latter solvent is present to only 
a small extent might therefore produce little change from the A//g 
curve obtained for pure methanol. It ms therefore decided to 
determine the conductivities of silver nitrate in methanol/bensonltrile 
in order to ascertain whether or not such an expectation would be 
realised.
As an auxiliary study it was thought that in view of the aliphatic
SECTION .XI .
v.v
nature of aoetonitrile vis^ a^ vis the aromatic nature of bensonitrile
j <
and the different size and shape of the hydrocarbon radicals in these
two nitriles9 the determination of the conductivity of silver nitrate
in a methanol/acetonitrile adacbuvd would provide useful comparisons
with those results obtained in the msthanol/benzonitrile mixture.
(ii) E xperimental
Dilution "runs" were carried out in each of the two mixtures,.
methanolfbensonitrile and methanol/acetonitrile containing 0 °1 mole %
of the iritrile in both cases. The results are tabulated in Tables
1 1  15 s I I  14» XX 15  and XX 1 6  and shown graphically in Graphs XX 6 and
XX 7. The ©3qDeriaental data were treated as in Section XX 5 Fart X, except
that the more recent Fuoss treatment for derivation of 4 otICA and.
a,- .v 'was not used. The. values of A  Kfls r, and are given below.
14/V© 0 *•* K
wit«n»iMe^>tonirfR<Fi«iSi3ixEiO7*v*t!A0 t&j*cojru.v.
Solvent
Methanol
99*9 mole fa methanol *5* 0 « X  mole 
% berisonitrile
99- 9 mole % methanol * 0 ®X sole
• % acetonitrlle
> 0 %
6V*“ +r
0
\ \
110 -8 8 '~T5‘T 5 ~
■^wiv<A'ij>»t»K«iwcaait>
2« 94 2-28
ill* 2 1 ;75"30 . 2 s 92 2-27
109-W 65^86 5-02 2*34
(iii) Discussion
^  9 cca rNPCr'teGz-SFZzzrzz}
In the case o f  bensonitsile, the results are largely as expected;
t h e r e  b e i n g '  l i t t l e  a l t e r a t i o n  f r o m  t h e  t  \  0  a n d  t  v a l u e s -  o b t a i n e d  i n
sT h e  c o n d u c t i v i t y  o f . .
9 9 * 9  ynpx© f 0 m e th a n o l  . j L - ^
1
i G x  1 0 ? v O ’jc 1 0 2
1 
<
 
1 
N
j|
0 * 3 6 8 3 , 0 * 3 ,9 1 9 1 0 3 * 0 8
0 * 5 3 % 0 * 7 3 9 1 1 0 6 * 7 2
1 * 2 2 0 9 1 * 1 0 5 0 1 0 7 * 3 5
1 * 2 9 6 0 1 * 1 3 8 4 1 0 6 * 9 5
2 * 5 5 0 1 1 * 5 9 6 9 1 0 5 * 5 7
3 * 7 3 7 9  ■ 1 * 9 3 3 4 1 0 4 *  1 1
i
5 * 8 0 1 0 2 * 4 0 8 5 1 0 1 * 9 8
7 * 6 0 2 1 2* 7 5 7 2 1 0 0 * 4 3
9 - 3 7 7 7 3 * 0 6 2 3 9 8 * 9 8
TABES XI lit.=* * j ^ t ^  % fa t>°3 &
The oondiiot i viiy of silver nitrate In.t-L* *n.rr*x,'>xttT.iK4't.txirzsv:SA*a* tx&jL*i+BlzlS2rJ>£xi It
99*9 mole % methanol. - 0*1 . mole % acetoidtrile at 25°C
>£K^ r^»T;s3nrr3:t*^ P itc-i
0-5553
1-5&07 
1-7246
2 -7 0 1 6  
3*8640 
4“7640 
5*3819 
6*7770 
7°3625
wjrr;*5n*ww^tyria?j
0-7438
1*2493
1*3X32
1 - 5 1 2 2  
1*6437 
1 * 9 6 3 7  
2 °1 8 2 ?  
2 °  311
2 * 6 0 3 3
2*7X34
2 * 8 9 6 6
Rk«rVtjdkV^43®U*t>S3k rr>lftiCOJyg BTri+Zt?
105*30
105*15
104*28
103*86
102*59
101*69
101*13
99*94
99*50
98*68
TABLE- XX *
Shefllovsfoy extrapolation functions for silver raltrata in 
99°9 mol© %^_methanQ3. + O01 mol© % bonzonitirile at gffCk.
c x i<A S(s)
(WI-<> ■
"7\fi ;':
O& *s>
zfT»jyq»v^cn^V i\T+ix«3vf**z*#J9 M *■
102
/\s(ss)
SycWf.te
Aof^2s(z) | 
sc IG2
2*5501 1*0365 0*9843
jrt fc*»Mr«CnB2
o° 8639 ‘
ieacsf«sc^n«tl*ar'<s^^
0*9139
* irt/Wia -atUSCryKi* »*CT*s»Ja 
2*410?
3'7379 1*0441 0*9778 0-8382 ■ 0*9200 3-4055
5*0010 1*0346 o° 9674 0*8035 0*9290 5-0130
7*6021 1*0623 0-93% ’ 0*7792 0*9374 6*3197
9*3777 1 * 0689 0*95X7 0-7589 ' 0*9452 7*5293
TABLE XI 16
<^ -.^ rujr.g=gTsaKQgrr; g rsy^grjsriSSSSgSSSCT
99*9 mole % methanol * 0° l^ mole % aoetonitrile at 25°0.s_.
C x XcA 3(z) Afc^l fi-2 j XO2
Aid)
/(0& 2S(s)
3U 10^
4*7640 1*0503 0* 9770 . 0*8194 0*9363 4^ 1693
i 5*3819 1*0533 0*9745 0*8095 0*9388 • 4° 64G6
6*7770 1*0597 0* 9689 0*7894 0*9442 39 6657 i
7*3625 1*0621 0*9668 0*7817 0.9462 6,0825
8*3901 1*0662 o* 9625 0*7693 0*95041
........
6*7910

8 9 0 0
4  6  8
A c f ^ S ( z ) x 1 0 0
9 3 0 0
1 0 0
A S ( z )
9 1 0 0
 p u r e  m e t h a n o l
9 5 0 0
G R A P H  I I  7
9 9 . 9  m o l e  %> m e t h a n o l  -----
0.1 m o l e  °/« b e n z o n i t r i l e
O 9 9 . 9  m o l e  %  m e t h a n o l
0 .1  m o l e  °/o a c e t o n i t r i l e
t h e  c a s e  o f  pure m e t h a n o l .  C l e a r l y ,  s o l v e n t ^ i o n  I n t e r a c t i o n  i n
methanol produces a similar effect to that in Eiethimol/benzonitrile*
If Lonsonitril© preferentially solvates the cation one would have
esspooted a larger cationic radius and a corresponding decrease in 
4 * ' / » ■ 
association. However, in pure methanol the cationic radius may have -
a comparatively largo value due to the partial retention by the solvent
structure of solventmolecules. engaged in solvation® : The range of
the structure breaking power of the cation might bo greater than in
the present case9 in which methanol molecules are replaced by '
bensonitrile ones in the solvation processs because the termination
of the solvent structure at the periphery of the ions in pure methanol
would be less abrupt. Tho degree rather than the range of weakening
of those bonds loosely holding neighbouring solvent molecules together
caused by suoh solvent«don interaction might, therefore, bo the most
important effect compensating for any expected increase in tho size of
the cation® '
AoGtonitr.il© appears to interact with the cation to a greater
extent than bensonitrile. The lower mobility of the cation and the
correspondingly larger Stokesfi cationic radius aiay be due to the .
capacity of aoetonitrila molecules engaged in the solvation process
to fiit into the solvent structure of methanol more easily than
solvating benzonitrile moleouloe® Th© rang© of the structure
weakening effect rather than the degree to which such weakening occurs 
may be more influential here, the hindering effect exerted by the 
solvent on the mobility of the ions therefore being more conspicuous® 
Association is clearly inhibited by the increase in ion size and there 
is a corresponding increase in a^ 0 '
sjt $1? rjs Ct - sis >
The dependence of the extezxt of association on ion^ sise is again 
clearly evident® The suggestion has been made that the value of the 
Stokes0 cationic radius may depend not only on the number and size' of 
the molecules more or . less permanently engaged in solvation, but also 
Oil th© range of structure derangement» Th© latter may be large 
whereas the degree to which those loose bonds uniting solvent molecules 
immediately surrounding the ionic species are weakened^ may be small®
-If this is soothe dragging influence of the solvent mil be more evident 
than In a caso in which the degree of bond weatoring ie great® The 
latter condition can well apply in a binary solvent mixture containing 
a constituent which solvates the ions more readily than the molecules 
comprising the bulk of the solvent® In the case of pure solvents 
the rang© of structure breakage is likely to be more influential than 
in mixed solvents in determining ion siae®
Th©. conductivity of silver nitrate in methanol at 25°0 
and the effect of the presence of a small amount of water.
(i) Introduction
Goldschmidt (G® 24) has shown that the conductivity of alcoholic 
solutions of hydrogen chloride is considerably decreased in the presence 
of a small quantity of water. Similar effects were observed by Murray « 
Rust mid Hartley (C. 25) in th© cases of a number of strong acids in 
methyl and ethyl alcohols. These effects have been explained in the 
following way. The abnormally high mobility of protons in water and 
alcohols is duo to the transference of a proton from a solvated ion 
such as H^ G* or ROB/' to a neighbouring water or alcohol molecule®
As a result, the transference of protons through?the solution is greater 
than the actual.' velocity of the solvated ions® The presence of a small
trace of water /ill allow the following reaction to take place :**>
? v ,
ROHg* *  BgO b  HOH + H^G*
\ '
and since the proton wall have a greater affinity for the water Biolecule
i* Ait will not pass so frequently from H^O to an adjacent alcohol molecule 
with the result * that the abnormal mobility is decreased. However, the
S E C T I O N  I I
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conductivities of weak acids in methyl and ©thy! alcohols produced a 
20~30% increase in conductivity on addition of 0*5% water® This 
effect was attributed to an increase in the dissociation of th© weak 
acids® ■
Unmade, Murray-Bust Si Hartley (C.26) added small quantities of 
water to solutions of lithium, rubidium, magnesium and calcium 
thiocyanates in methanol and observed a decrease in conductivity in 
the cases of the mi-univalent salts® This could be duo to a decrease 
in ionic mobility and/or an increase in association, either of which 
could arise from solvation changes® lfP as is probable, the added 
water preferentially solvates the ions, increases their size and 
thereby impairs their mobilities, the accompanying tendency for 
dissociation to be aided would not be apparent if the electrolyte 
behaves as a strong electrolyte in methanol® As lithium and rubidium 
thioeyan&tes in methanol solution give good agreement with the Onsager 
conductance theory they are considered to be strong electrolytes in 
that solvent and, therefore, the observed reduction of conductivity 
on addition of water probably arises from a decrease in the mobilities 
of th© ions® With the two di^ univalent 3&lts the conductivity is 
increased considerably, indicating inhibition of the association 
process in the presence of water® • Unmack, Bullock, Murray-Bust & 
Hartley (C®2?) observed that for tetraethylammonium salts the addition
of 0+1 « 0° 2% water caused a decrease of conductivity which was of the 
same order as the concomitant increase in viscosity® Because the 
change in conductivity was not dependent on the deviation of the salts 
from the theoretical behaviour ® it was the same for the perchlorate, 
which showed a large deviation from theoretical behaviour, as for the 
other salts - it appeared that the water had little effect on Ionic 
association®
Conclusions as to the degree to which ionic mobility or 
dissociation « association changes contributed to the effects referred 
to above could not be definite® But, apart from the effect of adding 
water to solutions of strong acids in alcohols which presents a special 
case, it seems that changes in ionic mobility and extent of association- 
can occur to a degree for which the accompanying viscosity and bulk 
dielectric constant changes cannot account® Such effects therefore, 
probably have their origin in solvation changes® Since in the case 
of the tetraethylammonium ion in methanol these effects are absent, 
whereas in the case of smaller or more highly charged ions they are 
considerable, the tendency for solvation changes to occur probably • 
bears some relation to the polarising power of the cations® It was 
partly for this reason that Griffiths (G.28) chose silver nitrate as 
the electrolyte in his investigations into the dependence of its 
equivalent conductivity on changes in solvent fluidity ana bulk
dielectric constant values® Griffiths observed that the addition 
of water to a solution of silver nitrate in at hand maintained at a 
concentration of 0*0005 hi produced an increase in the equivalent 
conductivity corrected for viscosity changes® It was pointed out, 
however, that this could he due to a decrease In association resulting 
from the increase in hulk dielectric constant of the solvent which 
occurs when water is added to methanol®
Griffiths and Lawrence determined the conductivity of silver 
nitrate in the aoatone^ water and dioxan-water systems and foimd that 
beyond a concentration of 10% of water A 0*1 values show sxwh 
considerable variations as are likely to result from solvation changes® 
This was difficult to reconcile with the fact that due to the very 
high ratio of water molecules to ions in the solutions considered, 
the first additions (eaO* 25%) of water should have the major effect i.n 
the solvation process®
Since it is apparent that solvation changes are likely to occur 
when vexy small amounts of water are added to a non^ aqueonB solution ■ 
of an electrolyte the oation of whioh has good polarising powety and 
there still exists uncertainty as to the role water plays in the 
solvation process in such mixtures, it was decided to investigate 
the effect of the presence of a small amount of water (0*1 mole % 
with respect to the total number of solvent molecules present) in
(ii) Experimental
•  W v-iTrmJZOJiXa'm
"Dilution runs” were carried out in 99*9 mole % methanol/O6’X mole 
% water mixture. Th© results are tabulated in 'Tables XI 1? and XI 18 
and shown graphically in Graphs IX 8 and XX 9® The experimental 
data were treated as in Section XX, Part 1, except that the.more 
recent Fuoss treatment for the derivation of A 0, and was
not used. The values of A Q (Shedlovaky), %  (She&Xovsky) r,_ and a^ 
are given below®
s o l u t i o n s  o f  s i l v e r  n i t r a t e  i n  m e t h a n o l ®
J Solvent A 0
<5
»acm=sgeg3g
®K
Methanol .110"88 73*75 2*94 2.28
j 99*9 mole % methanol + |
0*1 mole % water 110-17 ?2°52 2.98 2.28
(iii) Disoussion
The addition of 0°1 mole % (oa® 0*05%) of water to methanol at 
25°G increases the viscosity of the solvent by 0°2%® Since there 
is a decrease in the ecu!valent conductivity at infinite dilution of 
0 6^% this leaves two thirds of the decrease to b© accounted for® If 
allowance is made for the accuracy of measurement the effective decrease 
in mobility x’epresenting solvation changes can amount to no less than 
0*3 of a conductivity unit* Though this is not an appreciable change 
it is large enough to indicate a trend towards lower mobility®
TABLE XI 17
mVSV3s«4 HU)
The c o n d u c tiv ity  o f  s i l v e r  n i t r a t e  in*■•**'* nM»«*t»YNu!3| uttM* * sah <VK*£«fcei *? r »4i*r»«MSJ<Eti5t<w*»&1?uiSi.*sr**» I • a ^»
99"9 mole %. methanol-® 0 * 1  mole %  w ater a t  25°0*
c x  icA j
laxM-Mw*.** a w w y iw i®  « n  wwg^acy M>»
. / C  x  10 ® A
0*8822 0*9393 106*65
1-7715 1*3 3 10 105-44
2*1694 1*4729 105*09
2*7625 l * 662i 104*19
3*6273 X* 9046 103*38
3 * 7454 1*9353 103*16
5*1698 2*2737 101*66
5*2042 2*2813 101*71
+ I 673 • ■ 2*4834 100* 75
6*5514 2*5596 100*49
7*4084 2*7218 99*71
7*6301 2*7623 99*58
TABLE II 18r«tcr»T=wi‘S£M^
She&lovsfor extrapolation functions for silver nitrate in 
' 99*9 aiol© % methanol •» 0*1 mole % v/ater at 25°G.
**iZr*w*>****wv33ss^zz&ttXXczEizsx*&'i
C X  10J<- 3 (a ) A s (a )  'tvA'ft ijKi'aiXTV »>o*
A ° __________
Tgaj^ rfeTiastif^ Ttt wra sa tsa«aatt3BCT*>t«»*j
f i 2
"a ».»t^ KWar«^ trv=»vt.T<PT=JiJX^ Ta^ .n.*-j-
?10 ^
A s ta )
(\o£k2S(§) 
x 10 '
3 '6273 1*0437 0*9794 0*8405 0“ 9268 3*2897
3 '7454 1*0443 0*9780 0*8383 0**9282 3 * 3826
5*1698 1*0519 o* 9707 0*8134 0-9352 4*4970
5'2042 1*0521 0*9714 0*8128 0 - 9345 4 *5266
6 '1673 1*0565 0* 9663 0*7985 0° 9395 5°2421
■6*5514 1*0583 0*9654 0*7931 0*9403 5*5258
7“4084 1*0618 0*9610 0*7820 0* 9446 6*1331
7*6301
jaaaaamasa aeeaaaamnamaex«cmat8aa:
1*0627 0*9607 0*7792. 0*944-9 6* 2917
JZ 
x 
10
0
1 0 0
A S ( Z )
0.9400
0 . 9 2 0 0
0 . 9 0 0 0
Acf+2S(Z) x 100
One would expect water molecules to solvate the cation more easily 
than methanol molecules because of their smaller size end greater 
donating power® However, since water may solvate the anion in addition 
to the cation it is likely that the increase in ion rise is shared 
between both ions* However3 a greater increase in size is expected 
in the case of the cation since according to Hasted, Bit son Si Colli o 
(G*29) it usually causes a greater depression in dielectric constant 
than the anion does® Therefore the cationic radius shown above should, 
be approximately real* Since water molecules, of al! the additive 
molecules considered, are most likely to fit into and play a part in 
the solvent structure of methanol, it might follow that water molecules 
solvating the cation say still, to some extent, participate in the 
solvent structure® Thereby there would not be 'suoh an' abrupt 
termination of solvent structure at the boundary of the solvated ion 
as might be the.case with the other additives* :
S’S tji ?> $ . © . o
The relationship between ion size and association is again 
apparent* The small change in ionic mobility and association-Is not 
surprising in view of the similarity of water to methanol, the extent 
of structure derangement in pure methanol and the methanol/water 
mixture being probably about the same m  eaoh case* However, the 
changes are definite enough to indicate some solvation of the cation 
by water molecules®
P a r t  5
The c o n d u c tiv ity  o f  s i l v e r  n i t r a t e  in  m ethanol a t  25°G< r i^ g f c ^ 4UMiiiMfc-?w«ag«K«i*^frasags»g=*#ssfc^P*»*gtofc^^t»aaa^^
and th e  o f f e e t  o f  th e  p resence o f  a sm all amount o f benzene®
( i )  In tro d u c tio n
^  tr «*»3S5S»1£2Brtaptt* -zcxf-Jetci ttOvTrxxissVsia
In  193B W inste in  and Lucas (0*30) suggested th a t  a complex a r is in g  
from a TT bond and a s i l v e r  io n  could be a resonance hybrid  o f  th e  
fo llow ing  canon ica l forms®
In fact the ability of aromatic systems to act as electron donors in 
the formation of "electron donor and acceptor" type complexes is borne 
out by a considerable amount of experimental evidence*
Taufen, Murray and Cleveland (0*31) in an investigation Into the 
effect of silvered, on co-ordination on the Raman frequencies due to 
oarbon-carbon bonds in benzene concluded that the silver ion is very 
likely situated on the sixfold symmetry axis* This, they stated, 
seems reasonable enough in light of the smaller frequency shift than 
that observed for simple olefins and the. fact that the lowering of 
the total symmetrical vibration by X3 wave-numbers in the spectrum of
the. complex is so small as to make most probable the attachment of swell 
appreciable mass in the aix-fold symmetry axis® Some independent 
support for this came, from the discovery by Keefer end Andrews (C*32) 
that the solubilities of benzene and . toluene In aqueous silver nitrate 
increases with the silver .ion eoneentration® Griffiths and Pearce 
(G.33) Investigated the influence of the presence of 1% benzene on the 
conductivity of silver nitrate in acetone and concluded there was a 
slight tendency for bonzen© to preferentially solvate silver ions®
It. was thought that this was dn© to a weak affinity between silver 
ions and the electron clouds above .and'below th© plane of the benzene 
molecule* The same workers (o*3$ observed the effects of successive 
additions of benzene measurewis© to a solution ©Y silver perchlorate in 
acetone using an audiofrequency measurement technique® The results of 
this work indicated specific solvent-ion interaction between silver 
ions and aromatio molecules® Howeverthere was a critical concentration 
of benzene below which no change in conductivity was observed and further 
change was not dependent on the benzene concentration® Since this 
critical concentration was -large compared with the electrolyte 
concentration^  it seemed irreconcilable with the idea that a silver ion 
could b© associated with one specific.benzene molecule for a finit© 
period of time* It was suggested that.a type of solvent-i'on inter** 
action occurs which is different from that operating in the presence of
b a s ic  a d d it iv e s ,  namely, th a t  benzene m olecules ten d  to  be dragged 
w ith  th e  c a tio n s  as th e  l a t t e r  move through th e  s o lu t io n . But t h i s  
d id  n o t account f o r  a  c r i t i c a l  co n ce n tra tio n  o f  benzene n ecessa ry  to  
produce a oonductom etrio e f fe c t^ s in c e  a dependence o f  th e  l a t t e r  on 
th e  benzene c o n cen tra tio n  would have been expected® A second suggestion  
p o s tu la te d  th e  form ation  by benzene o f  some form o f  c r y s ta l l in e  s t ru c tu re  
and th a t  t h i s  would occur b e fo re  any b©nsene=*i©n in te r a c t io n  was l ik e ly  
to  tak e  place® However, i t  was d i f f i c u l t  to  see why benzene m olecules 
com prising t h i s  s t ru c tu re  should n o t in te r a c t  w ith  th e  c a tio n  u n le ss
-ft*
m utual re p u ls io n  o f  th e  i! bonds causes them to  "form up" in to  a 
p la n a r  s t ru c tu re  which would have to  be p a r a l l e l  to  th e  p o te n t ia l  
g ra d ie n t so th a t  th e  s i l v e r  ions could pass unhindered®
Xn o rd e r to  ga in  more in fo rm atio n  as to  th e  type  o f so lv e n t- io n  
in te r a c t io n  occu rring  in  th e  presence  o f  benzene I t  was decided  to  
in v e s t ig a te  th e  c o n d u c tiv ity  o f  s i l v e r  n i t r a t e  in  a  m ethanol so lu tio n  
co n ta in in g  0*1 mole °/o benzene®
Of a l l  th e  d a ta  subm itted  to  com putation by th e  Fuoss a p p lic a tio n  
o f  th e  Fuoss^Onsager th e o ry  to  a s so c ia te d  e le c t r o ly te s ,  th o se  in  
m ethanol/b ©n a one a re  most l ik e ly  to  g ive  m islead ing  r e s u l t s  s in c e  th e  
experim en tal v a lu es were n o t so reproduoeable ( e r ro r  t 0*01%)* 
N e v erth e le ss , th e  c o n s ta n ts  so d e riv ed  a re  considered  to  be reasonab ly  
approxim ate.
Dilution "runs" were carried out as described in Section 1, the 
results tabulated in Tables II 19, II 20 and II 21 and shown graphically 
in Graphs II 10, II 11 and XX 12* The experimental data were treated 
as in Section II, Fart 1, the respective values computed from which are 
shorn ■ below*
Solvent
A
Shed*
0
Fuoss Shed, j?U03g
<53
■p+
0
° K
O
^KA0
Pure methanol 1 1 0 ° 8 8 1 1 1 * 0 0 7 3 * 8  6 7 * 8 2 - 9 4
1
2 * 2 8 5 * 2 4 ^
j 9 9 * 9  mole % methanol 
I *  OX raole %
1 benzene 1 1 0 * 4 7 1 1 0 * 6 6 7 .1 -8  7 8 * 5 2 * 9 6
I
2 * 2 9
_____
8 - 2 8
(iii) Discussion .
Allowing for probable viscosity changes and experimental error 
the effect, of the presence of benzene is to slightly decrease A  and 
thereby to increase tho Stokes8 cationic radius* This suggests that 
some kind of solvent-ion interaction change occurs when benzene is
v
introduced into th© solution. The possibility that benzene takes up
some form of crystalline structure in acetone ms considered by 
Griffiths and Pearce. Frank and Wen-Yang Wen (G.35) have suggested
that large molecules of the paraffin type may stabilise the structure
of water in their neighbourhood by providing a surface at which the
structure is not disrupted by bombardment from other water molecules*
TABLE XI 19
«£1S?«5£JU
• The conductivity of silver nitrate in^  y.-T-ii g cryx<T ^^>^gA m \i-^*r1^^l>+t^ rsj>TXTyK^ T^ yTr!ria--^ J-c5r«> I; AW yy A CTM ISuat^ ctVVJfulCrf-a io-3 V*gd=>
99° 9  mole % methanol « 0*1 mole % benzene at 25° G 0
C a
1 -1 8 6 0
1 - 2 3 5 5
2 -9 1 1 8  
3*3712 
3*8951 
4*2693 
4*8925 
5*4853 
5*9281 
6* 6626 
7*0259 
8 -2 8 0 1
1 -0 8 9 0
1 -1 1 1 5
1-83 
1 *9736 
2*0662 
2* 2119 
2*3421
2 -4
2 -5 8 1 2
2*6506
2*8775
106*78
106-64 
1 0 4 -5 8  
103*83 
103*24 
1 0 3 -0 8  
102*20  
101*85 
101*21  
100*76 
100*20 
99*39
Shedlovsky ex tra p o la tio n  fu n ctio n s fo r  s i lv e r  n it r a te  in  
99" 9  mole % methanol ~ 0 ° X  mole % benzene a t 2 3 ° 0 o=3JET<*^^= »^=btjtiMsaaaaXi5r 4^.i’*Rvyr^ KiT<cia=«nr3««#Ma?=lte9prii?xf3 WJr^^ycte^^nTA^B-S^riMuaxsi JoasrxTrs^ JnVM^ Si: r»vtt3KJ /XT.r rsS»nrJV«T<ai^ yt *.v^ ?<y«?i2R5r.3;«.-|
T A B L E  I I  2 0
c  x  h A S ( g ) M s i
A o
& z 1 0 2  
A S  U )
A o fs .-2 s ( a )
.x  X 02
3 - 8 9 5 1 1 * 0 4 5 2 0* 9 7 6 8 0 * 8 3 4 8 0 * 9 2 6 7 ' 3 * 5 0 8 8
4 - 2 6 9 3 1 *  0 4 7 4 0 * 9 7 7 3 0 * 8 2 ? ? 0 * 9 2 6 2 3 - 8 1 5 3
4 - 8 9 2 5 1 * 0 5 0 6 0 * 9 7 1 9 0 * 8 1 7 2 0* 9 3 1 4 4 - 2 9 2 9
5 * 4 8 5 3 1 - 0 5 3 5 0 * 9 7 1 3 0 * 8 0 7 6 0 * 9 3 2 0 4 - 7 5 3 4
5 * 9 2 8 1 1 - 0 5 5 5 0* 9 6 7 0 0 * 8 0 1 2 0 * 9 3 6 1 5 - 0 7 3 9
6 °  6 6 2 6 1 * 0 5 8 8 o» 9 6 5 7 0 * 7 9 0 7 0 * 9 3 7 4 5 - 6 2 0 3
7 * 0 2 5 9 1 * 0 6 0 3 0 * 9 6 1 7 0 * 7 8 6 1 0* 9 W 5 . 5 * 8 6 8 1
8 - 2 8 0 1 1 * 0 6 5 3 0 * 9 5 8 5 0 * 7 7 0 5 0* 9 4 4 4 6 * 7 5 4 7
1 0 6
f f A B l j i  X I  2 1
Fuoss fu n c tio n s  f o r  s i lv e r  n it r a te  in  
99*9 mole % methanol •* O il raole % benzene a t 25°0„
C ra 'J.O? f ± A ? i ? J X c lo g o c e
T~~" -
(A+BAo ) /R C A  A  
* T £ c
4 - 0 0 0 0 0 * 9 1 9 2 8 7 - 2 2 0 * 9 3 5 * 0 6 3 6 9 0
6« 2 5 0 0 0 * 9 0 2 4 82 *  2 5 1 * 3 6 6 * 2 9  j 3 3 2 0
9 * 0 0 0 0 0 - 0 8 6 8 7 7 * 7 0 1*  8 4 7 * 4 9 ' 2 9 5 0

-------
1 0 8
2 4 6
Acff S(Z) x 100
1 0 0  
A S(Z)
0.9500 (
0.9300
0.9100
GRAPH I  11
O 9 9 . 9  m o l e  °/« m e t h a n o l  -  0.1 m o l e  %  b e n z e n e
 pure m e t h a n o l

in sta n ce  i s  tw ofold:
(a) benzene s t a b i l i s e s  th e  stru ctu re  o f  th e  s o lv e n t , and
(b) th e  con cen tra tion  o f  benzene in  th e  reg ion  Immediately 
surrounding th e  c a t io n ic  sp e c ie s  i s  g rea ter  than e lse »  
whore in  th e  solution^due to  th e  ©Xeotrophyllo ch aracter  
o f  th e  s i l v e r  ion® • ,
As a very  sm all q u an tity  o f  benzene i s  present i t  i s  u n lik e ly  th a t (a )  
w i l l  be im portant, but in  any ca se , both (a) and (b) would be expected  
to"produce, a n .in crea se  in  th e  dragging e f fe c t ,  "exerted by th e  so lv en t  
on th© conducting c a t io n ic  sp e c ie s  which could  account fo r  th e  s l ig h t  - 
in cr ea se  in  th e  S to k e s5 c a t io n ic  radius® \ ;
S cru tin y  o f  th e  Shedlovsfey v a lu es  shows a decrease in  a s so c ia t io n  
whereas th e  Fuoss Kjp v a lu es  in d ic a te  an increase® S in ce th e  l a t t e r  I s  . 
a much la r g e r  change than th© former and the Fuoss treatm ent i s  based
on a- more r e a l i s t i c  th eo ry , an in crea se  in  a s so c ia t io n  appears more
0 . . •
credible® However, th e  &r„ A va lu e  o f  8° 28& d erived  from th e  la t t e r
fo r  the case o f  th e  m ethanol/hensone m ixture appears d is tu r b in g ly  high*
in d ic a t in g  th a t the interdependence o f  io n - s iz e  and a s s o c ia t io n ,
suggested  in  preceding p arts o f  t h is  S e c tio n , i s  in v a lid  in  t h is  case®
&V©n i f  th e  Shedlovsky a s so c ia t io n  constant© fo r  th e  variou s solvent©
are arranged in  d ecreasin g  order and compared w ith  th e  corresponding
I t  is  possible therefore tha t the effect of benzene in  the present
decrease in  io n  s i  so (se e  Table I I  below) ben sen© appears to  be "out
o f  step " . At f i r s t  s ig h t  i t  might appear th a t th e  m ethanol/w ater  
. » • * ' 
v a lu es  cou ld  be re sp o n sib le  fo r  t h i s ? but such a p o s s ib i l i t y  i s
u n lik e ly  sine© benzene p resen ts  th e  same anomaly a t 3G°G* (se e
con clu sion  to  S ec tio n  XXI), C lea r ly , th e  type o f  so lv a t io n  in  th e
m ethanol/benseno m ixture d i f f e r s  from th a t in  a l l  th e  o th er  so lven ts*
Solvent %  (Shedlovsky) r
(99’9 mole %  methanol/ *
0“X mole % additive)* 2 5°C 25°C
M e t h a n o l /n i t r o m e t h a n ©  3 0 , 7 0 0  2 * 4 9
M e t h a n o l / n i t r o e t h a n e  . 6 9 1 * 1  2 * 5 3
M e t h a n o l / b e n z o n i t r i l e  7 5 °  3  2 * 9 2
I \ i r e  m e t h a n o l  7 3 ° $  2 * 9 4
M e t h a n o l / w a t e r  7 2 -  5  2* 9 0
M e t h a n o l / b e n s  en©  7 1 “ 8  2* 9 6
M e t h a n o l / a o e t o n i t r i l o  6 3 * 9  3 C0 2
M e th a n e  V p y ^ l d i n e  3 7 °  X 3 * 1 1
M et h a n o l /  « p i  c o l i n e  3 2 * 2  $*XQ
The maJ.ce up o f  tho  variou s reg io n s th a t a s so c ia t in g  io n s  pass 
through as th ey  approach one another has a lready been d iscu ssed  in  
S ectio n  I I ,  Fart 1 , but reg ion  (3) re ferred  to  th ere  w i l l  probably not
1 t  2
be made up o f  sim ple so lv e n t  s tru ctu re  i f  benzene i s  present® A  
s l ig h t  in c re a se  in  " r ig id ity "  imparted by benzene to  th e  so lv e n t  
s tru ctu re  com prising t h i s  reg ion  may w e ll occur but t h i s  I s  expected  
to  have a very  sm all in flu e n c e  on io n - s iz e  or association®  In any 
c a se , although t h is  may account fo r  th e  sm all in cr e a se  in  io n - s i s e ,  
one would expect a s so c ia t io n  to  be in h ib ited *  An in crea se  i i i  th e  
bensene con cen tration  i s  to  be expected  in  reg ion  (3 ) due to  th e  
presence o f  th o se  benzene m olecu les surrounding th e  cation® A s  th e  
ca tio n  and anion approach one another .th ese benzene m olecules 'may 
provide
( i )  th e  . s i l v e r  and n it r a t e  io n ic  sp e c ie s  w ith  a route ©f
* • •
e le c tr o n  exchange v ia  th© « bonded e le c tr o n s  o f  
• bensen© and a llow  a s so c ia t io n  to  occur a t a g rea ter  
d ista n ce  than in  pur© methanol: and,
( i i )  a fu r th er  s ta b i l i s a t io n  o f  th e  s tru ctu re  in  reg ion  (3 ) ,
The la r g e r  va lu e  o f  8*284 would b est be  exp la in ed  by su ggestion
( i ) ,  However, as an a lte r n a t iv e  to  su ggestion  ( i i ) ,  I t  i s  p o ss ib le  
th a t  the benzene con oen iration  in  reg ion  (3) may derange or re-arrange  
th e  so lv en t stru ctu re  .to  an ex ten t such th a t the consequent change in  
bulk  d ie le c t r ic  constant accounts fo r  th e  high  value®
O. . • © £5 *Js ■ Si
I t  i s  f a ir ly  d ear- th a t  benzene in te r a c t 3 w ith  th© s i l v e r  ca tio n  
in  methanol so lu t io n  in  a d if f e r e n t  way to  n itrom ethane9 n itroethan© , 
p y r id in e , & -p io o l in e ,  a c e t o n i t r i l e ,  b en zo n itr il©  and v/ator. Benzene 
rnoleou3.es are considered  to  congregate round th e  ca tio n  and th us to  
impede i t s  m o b ility . A sso c ia tio n  i s  not in h ib ite d  sine© th o se  benzene 
m olecules dragged through th© so lu t io n  by th e  c a tio n  may not e f f e c t iv e ly  
in crea se  th e  d is ta n c e  o f  c lo s e s t  approach*
The statem ent th a t  as io n ^ s ise  in c r e a s e s , a s so c ia t io n  d ecrea ses , 
has been f a ir ly  hom e out in  a l l  th© so lu t io n s  considered  except one® 
Sin ce io n ^ s ise  depends on io n ic  m o b ility  i t  i s  worthwhile con sid erin g  
th e  e f f e c t  o f  so lv a t io n  on th e  latter®  In order to  do t h is  i t  i s  
f i r s t  n ecessary  to  a sc e r ta in  ae c le a r  a p ic tu re  as p o ss ib le  o f  th e  
s ta t e  o f  an io n  as i t  moves through a solvent*
I f  an imaginary l in e  i s  dram  from th e  periphery o f  th e  ca tio n  to  
some poin t in  th e  bulk  o f  th e  so lv en t w e ll away from i t ,  th e  fo llo w in g  
reg ion s should be encountered :■»
(1) a reg ion  c o n s is t in g  o f  q u ite  r ig id ly  h eld  so lv en t  
m olecu les|
(2 ) a reg ion  o f  weakened so lv e n t stru ctu re  th e  m olecules o f  
which however are s t i l l  weakly bound to  neighbouring • 
m olecules in  ( l )  and ( 3)5
(3 ) th e  bulk  o f  th e  s o lv e n t , very s l ig h t ly  p o la r ised  and 
r e ta in in g  in  la r g e  part th e  normal so lv en t structure®
The range and nature o f  th e se  reg ion s w i l l  a f f e c t  th e  io n ic  
m obility* A decrease in  m o b ility  w i l l  be expected  i f  :«
( i )  th e  range o f  reg ion  ( l )  i s  in creased ;
( i i )  th© range o f  reg ion  (2 ) i s  in cr ea se d 1
( i i i )  th© degree o f  s tru ctu re  breakage g iv in g  r i s e  to  (2 ) i s
decreased®
D i s c u s s i o n  a n d  c o n c l u s i o n  t o  S e c t i o n  I I
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On th e  o th er hand an in cr ea se  in  m o b ility  w i l l  be expected  i f  :«
( iv )  th e  rang© o f  reg ion  ( l )  i s  dim inished;
t o  th e  rang© o f  reg ion  (2 ) i s  d im inished;
and ( v i)  th e  degree o f  structures breakage g iv in g  r i s e  to  (2)
i s  increased*
Tho ex ten t o f  p o la r isa t io n  o f  so lv en t m olecules in  (3 ) which border 
th© reg ion  (2 ) i s  u n lik e ly  to  be important* However, a c e r ta in  degree  
o f  bonding between m olecu les o f  (2 ) and (3) may be expected  e s p e c ia l ly  
i f  change ( iv )  i s  groat* G enerally  speaking, fo r  th e  same io n  ( v i i )  
an in crea se  in  th e  rang© o f  reg ion  (X) i s  probably accompanied by a 
decrease In th e  range o f  reg ion  (2)p mad ( v i i i )  an In crease  in  t h e , 
degree ©f stru ctu re  breakage in  (2 ) very  l i k e l y  accompanies an in c r ea se  
in  th e  r ig id i t y  o f  ( l)*  I t  i s  assumed th a t such changes can occur in  
a me&tai, th© gen era l stru c tu re  o f  which changes but l i t t l e .  T his
'assumption i s  considered  reasonable in  th e  p resen t work s in c e  th e  amount 
o f  a d d itiv e  used i s  so sm all compared to  th e  bulk  o f  methanol® Further** 
more, in  th e case  o f  tho c a t io n , th o se  m olecules r e s id in g  in  reg ion  (2 ) «< 
i . e .  methanol m olecules are no lo n g er  bound to  th o se  in  (X) « a d d it iv e  
m olecules -  to  anything approaching th© ex ten t th ey  are l i k e l y  to  be in  
a pure solvent* Consequently, changes ( i i )  and (v ) and r e la t io n sh ip  ( v i i )  
are no lon ger im portant in  e x e r c is in g  co n tro l over th e  m o b ility  o f  th e  
cation® R ela tio n sh ip  ( v i i i )  w i l l  no lon ger be im portant s in c e , i f
th e  bonds h o ld in g  a d d itiv e  m olecules to  th e  io n  in  reg ion  (1) are  
weakened th e  a d d it iv e  m olecules are u n lik e ly  to  in te r a c t  very much w ith  
m olecules o f  th e  main so lv e n t in  (2) (m olecules o f  th e  main so lv en t are  
th e  on ly  m olecules which need to  be considered  in  th e  s tru ctu re  breaking  
p ro cess5s in c e  i t  i s  th e se  which l in k  up th© main so lv e n t s tru c tu re  to  
th e  ion)® So now we are concerned w ith  on ly  two f a c t  ores which a f fe c t  
c a t io n ic  m o b ility , namely9‘ th e  range o f  reg ion  ( l )  and th e  degree o f  
stru ctu re  breakage in  (2)®
i
Xn th© ta b le  below th e  A  q v a lu es  are arranged in  order o f  
d ecreasin g  magnitude®
M o b ilit ie s  o f  s i l v e r  n i t r a t e  in  methanol 
id methanol ^ a d d it iv e  m ixtu res* th e  m olecular  
o f  th e a d d it iv e s  and a s so c ia t io n  con stan ts a t 25°CL
S olvent
( 9 9 * 9  mole % M ethanol/ 
0 * 1  mole % a d d itiv e ) 4 o h  '
M olecular volume 
(cc)o
M ethanol/nitromethane : 1 2 0 3 0 , 7 0 0 5 4 * 0
M ethanol/nitroeth& ne 1 1 9 * 0 9 6 9 1 7 1 ° ?
M eth im ol/b en son itr ile 1 1 1 * 2 1 7 3 * 3 1 0 3
Pure methanol 1 1 0 * 8 8 7 3 * 8 ( 4 0 * 7 )
Mothanol/benzen© 1 1 0 * 4 7 7 1 * 0 8 9 * 2
M ethanol/water 1 1 0 * 1 7 7 2 - 3 1 8 °  1
M eth an ol/aoeton itrd le 1 0 9 = 4 1 6 3 * 9 3 2 ° 8
M ethanol/pyridine 1 0 8 * 0 1 3 7 * 1  ’ 8 0 * 8
The m o b ility  o f  s i l v e r  n itr a te  in  th e f i r s t  four oases decreases  
as th e  a sso c ia t io n  constant d ecreases and th e m olecular volume o f  the  
a d d itiv e  increases® Tho la s t  fou r  va lu es show a s im ila r  re la tio n sh ip *  
The va lu es fo r  th e  m ethanol/benzene mixture appear to  be anomalous®
T h is i s  not su rp r is in g  in  view o f  th e  anomaly presented by th e  
m ethanol/benzene mixture which was d iscu ssed  in  Part 5 o f  t h is  s e c t  ion® 
The probable absence o f  benzene m olecules from reg ion  ( l )  precludes th e  
d eriv a tio n  o f  any r e la t io n  between m ob ility  and th e  m olecular volim© 
o f  benaone* The importance o f  th e  s iz e  o f  region  ( l )  in  in flu en c in g  
th e m o b ility  i s  c le a r ly  shown® Such a m olecular volum e-m obility  
r e la t io n sh ip  in d ic a te s  th a t th e number o f  m olecules engaged in  
so lv a tio n  o f a permanent type does not vary much in  th e ca ses o f  
m ethanol/nitrom ethane, m ethanoX/nitroethane and methanoX/berasoBitril©  
on the one handler m ethanol/w ater, iso th a n o l/a o e to n itr ile , m ethanol/ 
pyrid ine and methanol/etf -p ic o l in e  on the other® One would have - 
expected about as much so lv a t io n  from a c e to n itr i le  as from b e n s o n itr i le ,  
but the m o b ility  i s  much grea ter  in  th© presence o f  th e  latter®  The 
most convincing exp lanation  fo r  t h is  i s  th a t th e  ex ten t o f  stru ctu re  
breakage in  reg ion  (2) i s  greater* in  the presence o f  benzonitrile®
Thus the a e e to n iir il©  m olecule may p ossess  the cap acity  to  f i t  in to  th© 
so lv en t stru ctu re  o f  methanol more e a s i ly  than th e  b en zon itr il©  
molecule® I t  may be th a t in  th e presence o f  nitrom ethane, nitroethan©
1  1  8
and b e n z o n itr i le , s tru ctu re  breakage In reg ion  (2 ) i s  more in f lu e n t ia l  
in  determ ining m o b ility  than i t  i s  in  th e  presence o f  w ater, a o e t o n it r l le ,  
p yrid in e and » p ioo lin e*
The equation s
K ^  3000  *.
m R W  r  2*
p
(where b »  9 °s° i s  th e  c lo s e s t  d ista n ce  o f  approach between
3)ak?
th e  cen tres  o f  spheres e le c t r o s t a t ic a l ly  eq u iva len t to  th e  c a tio n  and 
an ion , K i s  th e  d is s o c ia t io n  constant mid N th e  avog&dr© number) was 
d erived  by Fuoss fo r  u n i-u n iv a len t e le c t r o ly te s  u sin g  th e  Boltzmann 
d is tr ib u t io n  law* He assumed the so lv en t to  be a continuum and th e  
io n s  to  have a f i n i t e  size® Only th o se  io n s  in  p h y sica l con tact were 
considered  as pairs® Although th e  d er iv a tio n  tak es no account o f  
.so lv e n t- io n  in ter a c tio n ,, su b s t itu t io n  o f  th e  v a lu es  o f  B and °a° which 
should he  used to  c a lc u la te  th e  mutual e le c t r o s t a t ic  energy o f  
a ttr a c t io n  between th e  ca tio n  and anion in  th e  ion^pair may make 
EQH. 2  m o v e  r e a l *
EQN® 2 may be r e -w r itte n  ,
(n  K s  i n  _J0M  + ^ BQEJo 3.
VS Ha*
1D if fe r e n t ia t in g  th e  la t t e r  equation w ith  resp ec t to  «• th e  
fo llo w in g  r e s u lt  i s  obtained
<3 j a  + EQMT* 4*
H h  ' Did?
a*7
D if fe r e n t ia t in g  one© more, th e  id e n t ity  obtained .
dl (fm IC) „ o
is =>
d / i v ^
i n d i c a t e s  t h a t  a  p l o t  o f  &i l i / l  s h o u l d  p a s s  t h r o u g h  a  m axim um  a t
a
w h ic h  ' •;
2
^ to ss . ~ "  _ J L _  EQH„ 5„
3DM
S j e r r u m  (O ® 30) c o n s i d e r e d  i o n s  a s  p o i n t  c h a r g e s  a n d  d e r i v e d  a n  
e q u a t i o n  w i t h  t h e  a i d  o f  t h e  B o l t s a a r a x  d i s t r i b u t i o n  la w  w h ic h  
r e p r e s e n t s  t h e  p r o b a b i l i t y  P ( R )  o f  f i n d i n g  a n  i o n  o f  c h a r g e  o p p o s i t e  
t o  t h a t  o f  a  c e n t r a l  i o n  a t  a  d i s t a n c e  R f r o m  th ©  l a t t e r ®  On 
d i f f e r e n t i a t i n g  t h i s  e q u a t i o n  h o  o b t a i n e d  t h e  e x p r e s s i o n  g
■o „  F2.
EQN® 6®
2 S k t
f o r  u n i - u n i v a l e n t  e l e c t r o l y t e s  w h ic h  c o m p a r e s  i n t e r e s t i n g l y  w i t h  
EQN, 5® ’
• I t  a p p e a r s  f r o m  t h e  K/ 1  c u r v e  ( P ig «  6 )  sh o w n  b e l o w  t h a t  b e y o n c
a
a  c e r t a i n  m a g n i t u d e  o f  Qa 3 r e p r e s e n t e d  b y  BQN* 5 ,  f u r t h e r  i n c r e a s e  i n  
° a °  w i l l  r e s u l t  i n  a  d e c r e a s e  o f  d i s s o c i a t i o n ®
■! 2  0
Fig® 6 Fig® 1
f
T h i s  i s  n o t  s u r p r i s i n g  w h e n  o n e  m a k e s  c o m p a r is o n  w i t h  t h e  p l o t  o f  P ( E )  
a g a i n s t  R ( F ig *  7 )  * S i n c e  P (K )  s h o w s  a  m in im um  a n d  i n c r e a s e s  b e y o n d  
t h e  v a l u e  o f  a  s i m i l a r  m axim um  s h o u l d  b e  o b s e r v e d  i n  t h e
lrt% K / l  p l o t  b e y o n d  w h i c h  a s s o c i a t i o n . '  i n c r e a s e s  w i t h  i n c r e a s i n g  i o n .
- o
s i s © *  A l b e i t  t h e  v a l u e  o f  &ma3S i n  .m e t h a n o l  i s  l a r g e ,  i® e®  5 °  9 3 A a t
■’ a  •
2 3 ° G , b u t  i n  w a t e r  i t  i s  o n l y  2 ° 3 8 A®
fs ■
S i n c e  t h e  ° a s p a r a m e t e r  f o r  a  p a r t i c u l a r  e l e c t r o l y t e  i n  v a r i o u s
m e d ia  v a r i e s  l i t t l e ,  a  p l o t  o f  i n  I C /l  s h o u l d  b e  a p p r o x i m a t e l y  l i n e a r *
•. . a
I n  t h e  p r e s e n t  c a s e . r e l i a b l e  ° a °  p a r a m e t e r  v a l u e s  a r e  n o t  a v a i l a b l e ®  
H o w e v e r ,  t h e  h y d r o d y n a m io  r a d i i  a r e  e x p e c t e d  t o  i n d i c a t e  t h e  v a r i a t i o n
o f  8 a® a n d  a r e  u s e d  i n  p l a c e  o f  t h e  l a t t e r ®  A p l o t  o f  i n  % / l  i s
2? •
i l l u s t r a t e d  i n  G r a p h  1 1  13® T h e  p o i n t s  r e p r e s e n t i n g  t h e  o a s e s  o f  
s i l v e r  n i t r a t e  i n  p u r©  m e t h a n o l ,  m e t h a n o l / w a t e r  a n d  m e t h a n o l / b e n s o n i t r i l ©
-  4 .0 0  1
Ln. K
-  6 , 0 0  •
-aoo •
- 1 0 . 0 0  •
1 7 5 0
□
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a p p e a r  t o  l i e  a l m o s t  o n  a  s t r a i g h t  l i n e *  S i n c e  t h e  s o l v a t i n g  
p r o p e r t i e s  o f  m e t h a n o l  a n d  w a t e r  a r e  s i m i l a r  a n d  t h e  v a r i a t i o n  o f  r  
i n  m e t h a n o l  a n d  m e t h a n o l / w a t e r  i s  s m a l l ,  a  l i n e  d r a m a  t h r o u g h  t h e  
p o i n t s  r e p r e s e n t i n g  t h ©  l a t t e r  t w o  o a s e s  s h o u l d  h a v e  a  s l o p e  a p p r o x i m a t e l y  
e q u a l  t o  t h a t  g i v e n  b y  EQJL 4 i F r o m  t h e  s l o p e ,  t h e  d i e l e c t r i c  c o n s t a n t .  
( p ° )  w a s  f o u n d  t o  b e  1 0 * 6  w h i c h  r e p r e s e n t s  a  c o n s i d e r a b l e  d e p r e s s i o n  o f  
t h ©  b u l k  v a l u e  o f  3 1 *  5 3  u s e d  i n  t h i s  w o r k  t o  c a l c u l a t e  t h e  O n a & g e r  • 
s l o p e  f r o m  d a t a  o b t a i n e d  i n  p u r s  m e t h a n o l  a t  25° 0* S i m i l a r l y ,  D ° w a s  
c a l c u l a t e d  f r o m  t h e  s l o p e  o f  l i n e s  d r a m a  t h r o u g h  t h ©  p o i n t s  r e p r e s e n t s  
i n g  t h e  f o l l o w i n g  p a i r s  o f  o a s e s  :«•
m e t h a n o l / a c e t o n i t r i l ©  an d  m e th a n o l /b e n s o i r i t  r i l e  9 
m e th a n o l /p y r id in e  an d  m e th a n o l /  d  « p io o l in © , 
m e th a n o l/n itro m G th & n e  an d  m e th a n o l / n i t  vo  e th a n e  *
T h e  v a l u e  a o f  B Q a r e  s h o w n  b e l o w  : «
S o l v e n t
F u r s  m e t h a n o l  
M e t h a n o l / w a t e r
M e t h a n o l / a e o t o n i t r i l e ' 
M e t h a n o l / b e n s o n i t r i l ©
M e t h a n o l / p y r i d i n e  
M e t h a n o l /  <j% « p i c o l i n ©
Me1 h a n o l / n l t r o m e t h a n e  
M e t h a n o l / n i t r o e t h a n e  .
S lo p ©  s  y « iK
<» 3,2® 1 x 1
46*5  x  10'
*2 *S i2  X
s
&
■*' 2330 x
M? ( S l o p e  ~3 ar) 
1 0 - S
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Again it appears that th© dielectric constant value which should b© 
used to calculate th© contribution of the electrostatic term to the 
energy of association is considerably less than the bulk vain©, Th© 
dielectric constant valuaf 0*07$ obtained for the methanol/nifrropamffin 
mixtures is nonsensical but,, bhe fact that th© value of K in methanol/ 
nitromethane is subject to considerable error may account for this. 
Since th© difference between the bulk dielectric constant values 
of the substances in each of the pairs, bensonitrile and aoetonitrile, 
pyridine and - pioolin©^ and nitrometh&n© and nitroethan© is small,
D 5 may be more meaningful in these1 cases than in methanol and methanol/ 
water as the difference in th© bulk dielectric constant values of 
78*30 and 31*53 for water and methanol respectively is relatively 
large* It must also b© admitted that D° has no precis© physical 
significance if only because °a° is replaced by s\ It is general 
experience (G«37) that for a particular electrolyte in various media 
the value of 8a 5 does not vary as .much as the sum of th© corresponding 
hydrodynamic radii. Consequently, th© D° values may indicate too 
great a variation, Furthermore, if there is an electrostatic force 
of attraction between cation and anion when these- are in hydrodynami.e 
contact? the sum of the hydrodynamic radii of cation and anion should 
be at least as great as the oorreapon&lng °as parameter® In suoh a 
case is likely to be greater than the corresponding real value®
Gil the other hand, i f  thera is  an electrostatic force of repulsion 
between cation and anion at hydrodynamic contact, the sum of th© 
hydrodynamic rad ii of cation and anion should he either equal to or 
smaller than the correspending sa° parameter® Xn this case R° is  
probably smaller than the real mine* However9 since the slops of 
the &\ K/jL plot is  negative in  a ll oases considered in  this wovks i t  
appears that only electrostatic forces of attraction operate® 
Therefore, each of the B° values may be greater than the corresponding
real value® Nevertheless, the variation of B° probaMy reflects the
< #
actual variation of dielectric constant in the various media®
>v
# & ffi s’i #
For the case of an electrolyte in  a solvent containing a small 
amount of additive with stronger solvating properties then the main 
solvent^ the dependence. of ionic mobility on the sis© of th© solvent 
sheath existing round the ion and the degree of structure breakage 
beyond th© periphery of it^has been demonstrated® A notable 
exception is  encountered in  the instance where benzene is  the additive 
since th is substance appears not to participate in  solvation of an 
orthodox typ©*
A tentative theoretical basis for the relationship between th© 
dissociation constant and the sum of the Ionic radii of anion and
c a t i o n  h a s  b e e n  s u g g e s t e d  ( s e e  SQM* 3 )  a n d  u n d e r  t h e  c o n d i t i o n ®  
p r e v a i l i n g  i n  t h e  p r e s e n t  w o r k  t h i s  r e l a t i o n s h i p  h a e  b e e n  u s e d  t o  
d e t e r m i n e  a n  a p p r o x im a t e  v a l u e  o f  t h e  d i e l e c t r i c  c o n s t a n t  w h ic h  
s h o u l d  b e  u s e d  t o  c a l c u l a t e  t h e  e l e c t r o s t a t i c  c o n t r i b u t i o n  t o  t h e  
b o n d  .e n e r g y  o f  t h e  io n -p & ir ®  >
, Xn t h o s e  o a s e s  i n  w h i c h  t h e -  i o n s  c o n s i d e r a b l y  d e r a n g e  t h e  
s o l v e n t  s t r u c t u r e ,  d i e l e c t r i c  c o n s t a n t  d e p r e s s i o n  i s  p a r t i c u l a r l y  
e v i d e n t  a n d  t h e  d e g r e e  t o  w h ic h  a n  i o n  d e r a n g e s  t h e  s o l v e n t  s t r u c t u r e  
m a y  g o v e r n  t h o  e x t e n t  t o  w h ia h  t h e  d i e l e c t r i c  c o n s t a n t  i s  d e p r e s s e d ®
SE C T IO N  I I I
T h e  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  m e t h a n o l  a t  30°  C 
a n d  t h e  e f f e c t  o f  t h e  n r e a e n o ©  o f  a  s m a l l  a m o u n t  o f  p y r i d i n e *
( i )  B u t  r e d u c t i o n *
T h e  d e t e r m i n a t i o n  o f  t h e  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  m e t h a n o l  
a n d  m e t h a n o l / a d d i t i v e  m i x t u r e s  a t  3 0 ° G  s h o u l d  a f f o r d  a  m e a n s  o f  d e t e r * *  
m i n i n g  h e a t s  o f  d i s s o c i a t i o n *  F r o m  t h e  l a t t e r ,  e n t r o p i e s  o f  d i s s o c i a - *  
t i o n  w o u l d  h e  c a l c u l a b l e  w h i c h ,  i t  w a s  h o p e d ,  w o u l d  y i e l d  i n f o r m a t i o n  
a b o u t  t h e  a s s o o i a t i o n ^ d i s © e o l a t i o n  p r o c e s s  i n  t h e  r e s p e c t i v e  m ed ia ®  - 
M o r e o v e r ,  a n y  v a r i a t i o n  o f  i o n i c  r a d i i  a n d  " a "  p a r a m e t e r s  b e t w e e n  t h ©  
t e m p e r a t u r e s  2 5 °  a n d  3Q °G  s h o u l d  a f f o r d  k n o w l e d g e  a s  t o  th ©  s t a t e  o f  
t h e  r e g i o n s  ( l ) ,  ( 2 )  a n d  ( 3 )  r e f e r r e d  t o  i n  S e c t i o n  XX* C o n s e q u e n t l y ,  
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t h e  l a t t e r  c a s e ,  l i k e l y  t o  b e  a c c o m p a n i e d  b y  a  d e c r e a s e  i n  t h e  d e g r e e  
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r e p r e s e n t s - r e l a t i v e  t o  t h e  b u l k  v a l u e  a t  25°0<> T h u s p l o w e r  a F  A  
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r e g i o n  ( 2 ) .  I t  i s  c o n c e i v a b l e  t h e r e f o r 4© , t h a t  t h e  e x t e n t  t o  w h i c h  
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o f  d i e l e c t r i c  c o n s t a n t ,  T h e  d e p r e s s i o n  o f  d i e l e c t r i c  c o n s t a n t  i n  
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3 0 ° G  b u t  t h e  d i f f e r e n c e  i n  s i z e  o f  t h e  c a t i o n s  i a  l e s s  t h a n  a t  25°G«
A r i s e  i n  t e m p e r a t u r e  a p p e a r s  t o  b e  a c c 0 m p a n ie d  b y  a  d e c r e a . s e  i n
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ca tio n  s iz o ,  a la r g e r  decrease b ein g  d isc e r n ib le  in  th e  so lv en t in  
which s o lv e n t ! o n  in te r a c t io n  i s  greatest®  L ikew ise 3 th e  a s so c ia t io n
con stan ts show a sm aller  degree o f  d if fe r e n c e  a t  30% than a t 2 5 °C+
A r i s e  in  temperature i s  accompanied by an in crea se  In a sso c ia tio n ^  and 
in  th e  so lv en t in  which a o lv en t! .o n  in te r a c t io n  i s  g r e a te s t ,  th© in crea se  
i s  considerable® Such phenomena accord w ith th e  ex p ecta tio n  th a t
permanent type so lv a tio n  i s  an exotherm ic process® The high '
o
v a lu es  could  bo a ttr ib u te d  to  an increase in d ie le c t r ic  constant
dep ression  w ith  tem perature and an attem pt to  r e c o n c ile  th e  l a t t e r  w ith  
probable changes in  th e  so lv e n t environment o f  th© io n s has been made®
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( i )  I n t r o d u c t i o n .
T h e  a n o m a l i e s  p r e s e n t e d  b y  b e n z e n e ,  a n d  t h e  l a r g e  i n c r e a s e  i n  
i o n i c  m o b i l i t y  a t  i n f i n i t e  d i l u t i o n  a n d  a s s o c i a t i o n  c o n s t a n t  o b s e r v e d  
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m i g h t ,  i t  w a s  t h o u g h t ,  v e r i f y  t h e  s u g g e s t i o n s  a l r e a d y  m a d e  f o r  s u c h  
a n o m a l i e s ®
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D i l u t i o n  " r u n s 1* w e r e  c a r r i e d  o u t  a s  d e s c r i b e d  i n  S e c t i o n  I  b u t  
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XXX 5  a n d  XXX 6 *  T h e  e x p e r i m e n t a l  d a t a  w e r e  t r e a t e d  a s  i n  S e c t i o n  11 ,  
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( i i i )  D i s c u s s i o n *
T h e  p r e s e n c e  o f  a  s m a l l  a m o u n t  o f  n l t r o m e t h a n e  h a s  l i t t l e  e f f e c t
o n  t h e  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  m e t h a n o l  a t  30° 0* T h i s
s h a r p l y  c o n t r a s t s  w i t h  t h ©  e f f e c t  -  th ©  l a r g e  i n c r e a s e  i n  a s s o c i a t i o n
a n d  m o b i l i t y  «  o b s e r v e d  a t  2$°G  ( s e e  S e c t i o n  XX P a r t  2)® T i m s ,  a s  
\
t h e  t e m p e r a t u r e  i s  r a i s e d  e i t h e r
- ( a )  s o l v a t i o n  b y  n i t r o m e t h a n ©  i s  © n d o t h e r m io  a n d  t h e  s i z e  o f
r e g i o n  ( l )  i n c r e a s e s ?  o r ,
( b )  n i t r o m e t h a n e  m o l e c u l e s  s o l v a t i n g  t h o  c a t i o n  b e c o m e  r e p l a c e d  
b y  m e t h a n o l  m o l e c u l e s ,
XY t h ©  f o r m e r  s u g g e s t i o n  ( a )  i s  t r u e ,  o n e  w o u l d  h a v e  e x p e c t e d ,  i n  v i e w  
o f  t h e  o b s e r v a t i o n s  m a d e  w i t h  t h i s  a d d i t i v e  a t  2 S ° C ,  a  h i g h e r  m o b i l i t y  
a n d  a  s m a l l e r  r ^  v a l u e ,  i , e ,  a  c o n s i d e r a b l e  d e g r e e  o f  s t r u c t u r e  
b r e a k a g e ®  T h i s  t e n d e n c y  w o u l d  b o  o f f s e t  b y  t h e  u s u a l  d e c r e a s e  i n  
t h e  d e g r e e  o f  s t r u c t u r e  b r e a k a g e  c o n s e q u e n t  o n  r a i s i n g  t h e  t e m p e r a t u r e ,  
b u t  p r o b a b l y  n o t  t o  a n y  g r e a t  e x t e n t 0 T h u s ^ i n  a l l  o t h e r  i n s t a n c e s
r,, decreases by no raore than 2%, whereas in  th e  p resen t in sta n c e  , an 
in crea se  o f  18% i s  observed® The l a t t e r  su g g estio n  (b) im p lie s  
th a t  aa th e  nitrom ethane m olecule or m olecules so lv a t in g  th e  ca tio n  
ar© rep laced  by methanol m olecu les th e  dragging e f f e c t  o f  th e  so lv en t  
stru ctu re  becomes more im portant, th e  m o b ility  decreases and, th e  
c a t io n ic  radius r+ increases®  T h u s,so lv a tio n  by nitrom ethane m olecules  
at e ith e r  o f  th e se  tem peratures can bo.an  exotherm ic pvqqqbsip th e  
d iffe r e n c e  in  th e  a s s o c ia t io n  constant (30 ,680 a t  25% and 78*9 
a t 30% ) b ein g  a t tr ib u ta b le  to  th© in creased  tendency o f  th e  gen eral , 
so lv en t s tru ctu re  to  im pair th e  m o b ility  o f  th e  cation® v Support fo r  
t h i s  su ggestion  i s  o ffe r e d  by th e  fo llo w in g  observation® ’ The strong  
n eg a tiv e  d e v ia tio n  from th© 'A ■ /• /o ’ curve observed a t  h igh d ilu t io n s  
i s  most apparent in  th e  ca se  o f  pur© methanol, whereas in  m ethanol/ 
nitrom ethane a t  25% such a d ev ia tio n  i s  absent® ' At 30% d e v ia tio n  
in  methanol/nitroraethm ie ia  observed and s im ila r  to  th a t in  pure 
methanol a t th e  same temperature® S ince th e absence o f  d e v ia tio n  
a t 25°G i s  due to  th© presence o f  n itrom ethane5 presumably in  th e  
v ic in i t y  (reg ion  ( ! ) )  o f  th e  c a t io n , , th e  strong d e v ia tio n  observed a t  
30°G can mean th a t nitroraeihan© molecu3.es no lon ger  solvat©  th e  c a t io n ,  
at l e a s t  to  anything l ik e  tho exbent they  do a t  25°C® Furthermores
s in c e  th e d ev ia tio n  ia  s im ila r  to  th a t observed in  pur© methanol a t  
30% i t  i s  h ig h ly  probable th a t th e  type o f  m olecule re sp o n sib le  fo r
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s o l v a t i o n  i s  th ©  sa m e  i n  m e t h a n o l / n i t r o & e t h a n e  a s  i t  i s  i n  p u r©  
m e t h a n o l ,  i * e .  t h o  c a t i o n  i n  r c e t lm n o X /n i t r o m e t h m ie  i s  p r o b a b l y  
s o l v a t e d  m a i n l y  b y  m e t h a n o l  m o l e c u l e s .  M o r e o v e r ,  s o l v a t i o n  o f  t h e  
c a t i o n  b y  n i t r o m e t h a n e  i s  e x p e c t e d  t o  b e  m o r e  e x o t h o r m i o  t h a n  s o l v a t i o n  
b y  m e t h a n o l  f lu e  t o  th ©  g r e a t e r  d o n a t i n g  p o w e r  o f  t h e  n i t r o m e t h a n o  
m o le c u le ®  T h e r e f o r ©  t h e  s o l v a t i o n  e f f e c t  a t  t h e  h i g h e r  t e m p e r a t e ©  
d u o  t o  n i t r o m e t h a n e  i e  l a t e l y  t o  b e  i n h i b i t e d  t o  a  g r e a t e r  e x t e n t  t h a n  
t h a t  d u e  t o  m e th a n o l®  S u c h  a  l i k e l i h o o d  i s  c o m p a t i b l e  w i t h  ( b ) «
T h i s  l a t t e r  a r g u m e n t ,  t o g e t h e r  w i t h  t h e  f o r m e r  e v i d e n c e  f r o m  t h e -  
d e v i a t i o n  e f f e c t s  o b s e r v e d  a t  2 5 ° C  a n d  3 0 °G  . r u l e s  o u t  a  p o s s i b l e  
a l t e r n a t i v e  t o  ( a )  o r  ( b )  t h a t  n i t r o m e t h a n e  m o l e c u l e s  ar©  s t i l l  p r e s e n t  
i n  r e g i o n  ( l )  a t  3 0 °G  b u t  a r e  a l t e r e d  i n  s u c h  a  w a y  a s  t o  f i t  m o re  
e a s i l y  i n t o  t h e  g e n e r a l ,  s o l v e n t  s t r u c t u r e  o f  m e t h a n o l  a t  t h a t  t e m p e r a t u r e . 
H o w e v e r ,  i t  i s  p o s s i b l e  t h a t  n i t r o m e t h a n e  m o l e c u l e s  s t i l l  d o  t a k o  p a r t ,  
i f  o n l y  t o  a  m in o r  e x t e n t ,  i n  t h e  s o l . v a t i o n  p r o c e s s  a t  3 0 % ,
T h o  e f f e c t  o f  b e n z e n e  o n  t h e  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  
m e t h a n o l  a t  3 0 °G  i s  t h e  sa m e  a s  t h a t  a t  2 5 ° 0 ,  i *  e„  9 t h e  m o b i l i t y  a n d  
a s s o c i a t i o n  i s  d e c r e a s e d  a  l i t t l e  a n d  t h e  S t o k e s *  h y d r o d y n a m ic  c a t i o n i c  
r a d i u s  i n c r e a s e d ®  S i n c e  i t  w a s  a r g u e d  i n  S e c t i o n  XX, F a r t  3  t h a t  
b o n s e n e  d o e s  n o t  p a r t i c i p a t e  I n  o r t h o d o x  s o l v a t i o n  b u t  g i v e s  r i s e  t o  
a n  e x f e e t  w h ic h  d e p e n d s  o n  l o n g e r  r a n g e  f o r c e s  t h a n  a r e  u s u a l  i n  
s o l v a t i o n  o f  a  p e r m a n e n t  t y p e ,  i t  i s  n o t  u n e x p e c t e d  t h a t  t h e  e f f e c t
o f  t e m p e r a t u r e  i s  m u ch  t h e  sa m e a a  t h a t  o b s e r v e d  i n  p u r e  m e t h a n o l ,  
w h e r e  t h e  d r a g g i n g  e f f e c t  o f  t h e  g e n e r a l  s o l v e n t  s t r u c t u r e  «■» i n v o l v i n g  
l o n g  r a n g e  f o r c e s  -  i s  g r e a t *  I t  I a  o f  i n t e r e s t  t o  p o i n t  o u t  t h a t  
t h e - & t P 4 v a l u e  f o r  m e t h a n o l / b e n z e n e  i s  a b o u t  t h e  sa m e  a a  t h e  v a l u e s  
f o r  t h e  o t h e r  s o l v e n t s  s t u d i e d  a t  3 0 ° G . I n  p a r t i c u l a r ,  i t  i s  a l m o s t  
i d e n t i c a l  w i t h  t h a t  i n  p u r©  m e th a n o l®  T h e  m o s t  t h a t  c a n  b e  s a i d  a b o u t  
t h i s  i s  t h a t  t h e  e x t e n t  o f  d i e l e c t r i c  c o n s t a n t  d e p r e s s i o n  w h ic h  i s  
a s s u m e d  t o  b e  a  c o n t r i b u t o r y  f a c t o r  i n  t h e  d e t e r m i n a t i o n  o f  t h e  
m a g n i t u d e  o f  ( s e e  S e c t i o n  X X I, F a r t  1 )  i s  p r o b a b l y  t h e  sa m e  i n
r a e th c m o X /b e n se n ©  a s  i t  i s  i n  m e th a n o l* ,
T h e  s u g g e s t i o n  h a s  b e e n  m ade t h a t  t h e  l a r g e  d e c r e a s e  i n  t h e  
a s s o c i a t i o n  c o n s t a n t  w h ic h  o c c u r s  i n  t h e  m e t h a n o l / n i t r o m e t h a n e  m i x t u r e 3 
a s  t h e  t e m p e r a t u r e  i s  r a i s e d ^ i s  d u e  t o  t h e  r e p l a c e m e n t  o f  n i t r o r a e t h s m e  •. 
m o l e c u l e s  i n  r e g i o n  ( ! )  b y  m e t h a n o l  m o l e c u l e s  a n d  t h a t  t h e  l a t t e r  
p r o v i d e  a  l o o s e  " l i n k a g e ” v i a  r e g i o n  ( 2 )  b e t v /e e n  t h e  c a t i o n  a n d  th ©  
g e n e r a l  s o l v e n t  s t r u c t u r e ®  T h u s ,  t h e  m o b i l i t y  o f  t h e  i o n s  i s  i m p a i r e d  
a n d  t h e  i n c r e a s e d  h y d r o d y n a m ic  r a d i u s  o f  t h e  c a t i o n  a c c o u n t s  f o r  t h e  
i n h i b i t i o n  o f  a s s o c i a t i o n ®  -
S i n c e  b e n z e n e  i n f l u e n c e s  t h e  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  
m e t h a n o l  i n  th ©  sa m e  w a y  a t  b o t h  2 5 °G  a n d  3 0 ° G , t h e  a n o m a ly  i t  
p r e s e n t e d  a t  2 5 °  i s  s t i l l  a p p a r e n t  a t  30°C h  A s  p r e v i o u s l y  s u g g e s t e d  
( C o n c l u s i o n  t o  S e c t i o n  X X ) b e n z e n e  m o l e c u l e s  a r e  p r o b a b l y  n o t  p r e s e n t
i n  r e g i o n  ( X ) ? t h e  i n t e r a c t i o n  b e t w e e n  t h e  c a t i o n  a n d  t h e  p r o p o s e d  
a g g r e g a t e  o f  b e n z e n e  m o l e c u l e s  s i t u a t e d  r o u n d  t h e  p e r i p h e r y  o f  t h o  
c a t i o n i c  s p e c i e s  i n v o l v i n g  f o r c e s  o f  l o n g e r  r a n g e  t h a n  p r o b a b l y  o p e r a t e  
w h e n * t h e  o t h e r  a d d i t i v e s  a r e  p r e s e n t .
T h e  c o n c e p t  o f  s o l v e n t  s t r u c t u r e  b r e a k a g e ,  d e a l t  w i t h  a t  
l e n g t h  i n  S e c t i o n  X I  P a r t  1 ,  h a s  b e e n  a p p l i e d ,  t o  t h e  d a t a  o b t a i n e d  a t  
3 0 ° G  a n d  a p p e a r s  t o  p r o v i d e  f e a s i b l e  e x p l a n a t i o n s  f o r  t h e  d e o r e a s e  o f  
h y d r o d y n a m i c  r a d i i  a n d  i n c r e a s e  o f  a s s o c i a t i o n  o b s e r v e d  a s  t h e  
t e m p e r a t u r e  i s  r a i s e d  f r o m  23°  t o  30°C  i n  m e t h a n o l ? m e t h a n o l / p y r i d i n e  
( S e c t i o n  I I I  P a r t  l )  a n d  m e t h a n o l / b e n z e n e  ( S e c t i o n  I I I  P a r t  2 )  s o l u t i o n ®  
o f  s i l v e r  n i t r a t e .  S i m i l a r l y ,  t h e  i n c r e a s e  i n  h y d r o d y n a m i c  r a d i u s  
a n d  d e c r e a s e  i n  a s s o c i a t i o n  o b s e r v e d  i n  t h e  m e t h a n o l / n i t r o m e t h a n e  
m i x t u r e  ( S e c t i o n  I I I  P a r t  2 )  h a s  b e e n  e x p l a i n e d *
I n  t h e  t a b l e  b e l o w  t h e  A  0  v a l u e s  a r e  a r r a n g e d  i n  o r d e r  o f  
d e c r e a s i n g  m a g n i t u d e  a n d  t h e  c o r r e s p o n d i n g  a s s o c i a t i o n  c o n s t a n t s ,  
t o g e t h e r  w i t h  t h e  m o l e c u l a r  v o l u m e s  o f  t h e  r e s p e c t i v e  a d d i t i v e s  a r e  
a l s o  s h o w n  : «
A d d i t i v e
C o n c l u s i o n  t o  S e c t i o n  1 X 1
( i n  s o l v e n t  o f  c o m p o s i t i o n  »
3 9 ” 9  m o le  % m e t h a n o l  -  0 * 1  m o le  
% a d d i t i v e )
A o
K
A
M o l .v o l o  
( o o )  
o f  a d d i t :
N o n e 1 X 8 -5 5 8 2 - 9 l\3.°Q
N i t r o m e t h a n e 1 1 8 - 4 3 7 8 - 9 5 4 * 3
B e n z e n e 1 1 8 - 1 3 8 1 - 2 8 3 * 9
J t y r i d i n e 1 1 6 -  7 5 6 8 - 1 8 1 * 3
A s a t  2 5 ° G j  b e n z e n e  a p p e a r s  t o  b e  o u t  o f  s te p ®  O t h e r w i s e ,  t h e
m a g n i t u d e  o f  t h e  m o l e c u l a r  v o lu m e  o f  t h e  a d d i t i v e  I n c r e a s e s  a s  t h e  
A  Q v a l u e s  d e c r e a s e ®  A p a r t  f r o m  t h e  c a s e  o f  b e n z e n e * i t  i s  a p p a r e n t  
t h a t  t h e  n u m b e r  o f  m o l e c u l e s  o f  a d d i t i v e  i n .  e a c h  ca se * , w h i c h  s o l v a t e  
t h e  o a t l o n p d o e s  n o t  v a r y  o v e r m u c h *
Th© d e c r e a s e  o f  A  0  a n d  &^  i n  m e t h c m o l /p y r i& in ©  c o m p a r e d  t o  t h e  
m e t h a n o l  v a l u e s  i s  n o t  a s  g r e a t  a t  5 0 °  a s  a t  2 5 % *  T h u s ,  s t r u c t u r e  
b r e a k a g e ,  a s  e x p e c t e d ,  i s  p r o b a b l y  n o t  s o  a p p a r e n t  a t  3 0 °  a s  a t  2 5 %  i n  
t h e s e  m ix t u r e s ®  Th© s l i g h t  d i f f e r e n c e  i n  A  a n d  v a l u e s  in . p u r©  
m e t h a n o l  a n d  m e t h a n o l / n i t r o m e t h a n ©  c a n  m ean  v e x y  l i t t l e ;  i f  i t  m e a n s  
a n y t h i n g ,  i t  i s  t h a t  n i t r o m e t h a n e  s t i l l  p l a y s  so m e  p a r t ,  t h o u g h  a  
m in o r  o n © , i n  t h e  s o l v a t i o n  p r o c e s s  a n d  p o s s i b l y  i n f l u e n c e s  c o n d u c t a n c e  
a t  3 0 °G  i n  a  s i m i l a r  w a y  t o  b e n z e n e ®  G r i f f i t h s  Si P e a r c e  ( $ •  2 )  
h a v e ,  i n  f a c t ,  o b s e r v e d  t h a t  t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  a  s m a l l  
a m o u n t (1% ) o f  b e n z e n e  t o  a  s o l u t i o n  o f  s i l v e r  n i t r a t e  i n  a c e t o n e  a t  
2 5 %  w a s  s i m i l a r  t o  t h a t  i n  t h e  p r e s e n c e  o f  t h e  sa m e  a m o u n t o f  
n it r o m e t h a n e ®
B y  s u b s t i t u t i o n  i n  t h e  f o l l o w i n g  f o r m u la s ®
(W h ere  a n d  Kg a r©  t h e  d i s s o c i a t i o n  c o n s t a n t s  a t  t e m p e r a t u r e s  
^  a n d  T g  r e s p e c t i v e l y ) , .
r e a s o n a b ly  a c c u r a t e  v a l u e s  o f  A  H s h o u ld  b e  o b t a i n a b l e  f ro m  w h ic h  t h e
\ 43e n t r o p y  ch an g e  A  $ 9 f o r  t h e  d i s s o c i a t i o n  p r o c e s s ,  c o u ld  t h e n  b e  
d e r iv e d  b y  m ak ing  m e  o f  t h e  e x p r e s s io n
^  ® ° 88 A H  -  A G °
9?
w h ere  «  • «  Hg&iK*
V a lu e s  o f  A ? i 9 A  G° a n d  A  3  f o r  t h e  f o u r  c a s e s  c o n s id e r e d  a r e  
g iv e n  b e lo w
A d d i t i v e  A  H A  & ° A S °
( 9 9 ” 3  m o le  % m e t h a n o l  «
0*1  m ole % a d d i t i v e )
Non© -+>.208 + 2p47  *-22- 7
N i t r o m e t h o n e  1 + 2 1 4 $  0 0 0
B en zen e  • ^ 1 2  +2531 -8 3 *  3
P y r id in e  ->21,760 +2X41 «80° 2
T h e  d i s s o c i a t i o n  o f  s i l v e r  n i t r a t e  i n  p u r e  m e t h a n o l ,  m e t h a n o l / b e n z e n e  
a n d  m e t h a n o l / p y r i d i n e  i s  e x o t h e r m i c  a n d  m uch m o r e  s o  i n  t h e  l a t t e r  
s o l v e n t ,  T h i s  i a  n o t  s u r p r i s i n g  s i n c e  s o l v a t i o n  e n e r g y  i n  t h e  
m e t h a n o l / p y r i d i n e  m i x t u r e  i s  l i k e l y  t o  b e  h i g h e r  t h a n  i n  t h e  o t h e r  
s o l v e n t s  b e c a u s e  o f  t h e  g r e a t e r  s t a b i l i t y  o f  t h e  s i l v e r  p y r i d i n e  
c o m p le x * w h ic h  w i l l  I n c u r  l i t t l e  l o s s  o f  s o l v a t i o n  e n e r g y  o n  a s s o c i a t i o n  
i f  t h e  a n i o n  c a n  a p p r o a c h  q u i t e  c l o s e  t o  t h e  s i l v e r  i o n  w i t h o u t  
d i s t u r b i n g  t h e  p y r i d i n e - s i l v e r - p y r i d i n e  a r r a n g e m e n t , w i t h i n  t h e  c o m p le x .
m i x t u r e  i s  c l e a r l y  e n & o t h e r m ic  a l t h o u g h  th ©  m a g n i t u d e  o f  A  H i s
s u b j e c t  t o  e r r o r  b e c a u s e  o f .  t h e  i n a c c u r a c y  o f  t h e  e q u i l i b r i u m  c o n s t a n t
v a l u e  a t  25°C® I t  h a s  b e e n  s u g g e s t e d  ( S e c t i o n  X IX , B a r t  2 )  t h a t  t h e
s o l v a t i o n  o f  t h e  c a t i o n  b y  n i t r o m e t h & n e  i s  m o r e  e x o t h e r m i c  *• a n d  t h u s
w i l l  d e c r e a s e  m o r e  r a p i d l y  o n  r a i s i n g  t h e  t e m p e r a t u r e t h a n  s o l v a t i o n
b y  m e t h a n o l ,  a n d  s i n c e  t h e  d r a g g i n g  i n f l u e n c e  o f  t h e  s o l v e n t  s t r u c t u r e
o f  t h e  l a t t e r  i s  b r o u g h t  i n t o  a c t i o n  i n  t h e  m e t h a n o S / n l t r o m e t h a n e
m i x t u r e  a t  3 0 °G  ( d u e  t o  r e p l a c e m e n t  o f  s o m e , i f  n o t  a l l ,  s o l v a t i n g
s r i t r o m e t h a n e  m o l e c u l e s  b y  m e t h a n o l  m o l e c u l e s )  t h e  a s s o c i a t i o n  c o n s t a n t
i n  m e t h a n o l / n i t r o m e t h a n e  a t  30 ° C i s  v e r y  m uch  l e s s  t h a n  t h e  v a l u e  a t
25°C h  T h u s ,  t h e  e n d o t h e r m i c  c h a r a c t e r  o f  t h e  d i s s o c i a t i o n  p r o c e s s
i n  m e t h a n o l / n i t r o m e t h a n e  c a n  b e  a c c o u n t e d  fo r®
Th© e n t r o p y  v a l u e s  s a y  b e  c o m p a r e d  w i t h  t h e  h y d r o d y n a m ic  r a d i i
a n d  a s s o c i a t i o n  c o n s t a n t s  a t  2 5 °  a n d  30°C h  I t  w i l l  b e  s e e n  t h a t ,
e x c e p t  f o r  t h e  v a l u e  i n  m e t h a n o l / n i t r o m e t h a n e  a t  3 0 ° G  t h e  m a g n it u d e  
^  a-
o f  o  S ,  w h ic h  i s  a  m e a s u r e  o f  t h e  d e g r e e  © f  r a n d o m n e s s  o f  t h e  s y s t e m ,  
i n c r e a s e s  a s  o r d e r  i n  t h e  v i c i n i t y  o f  t h e  i o n ,  r e p r e s e n t e d  b y  t h e
A ©
m a g n i t u d e  o f  * + .  d e c r e a s e s ® .  A l s o ,  / S  S  i n c r e a s e s  a s  a s s o c i a t i o n  
i n c r e a s e s ,  w h ic h  m ay b© t a k e n  t o  m ea n  t h a t  th ©  e x t e n t  t o  w h ic h  t h e  
t o t a l  o r d e r  i n  th ©  s y s t e m  i s  i n c r e a s e d  d e p e n d s  o n  t h e  n u m b e r  o f  i o n s  
p r e s e n t ,  i ® e . ,  o n  th ©  p r o p o r t i o n  o f  t h e  e l e c t r o l y t e  d i s s o c i a t e d
The dissociation ©f silver n itra te  in the methanoX/nitromethane
i n t o  io n s ®  A g a i n  t h e  v a l u e  o f  A  B° i n  m e t h a n o l / n i t r o m e t h a n ©  a p p e a r s  
i n  T a b l e  I I I  t o  b© a n o m a lo u s ®  T h i s  i s  n o  d o u b t  d u e  t o  t h e  c h a n g e  
f r o m  a  s t a t e  a t  2 5 %  i n  w h i c h  t h e  s t r u c t u r e  o f  t h e  s o l v e n t  i t s  d i s r u p t e d  
t o  a  g r e a t e r  e x t e n t  i n  j o e t h a n o l / n i t r o m e t h a n e  t h a n  i n  m e t h a n o l  b y  v i r t u e  
o f  t h e  s i z e  o f  t h e  c a t i o n  a n d  t h e  c a p a c i t y  o f  n i t r o m e t h a n e  t o  s o l v a t ©  
i t  m o r e  t h a n  m e t h a n o l ,  t o  o n e  a t  3 0 %  i n  w h i c h  t h e  t o t a l  e f f e c t  i n v o l v e s  
m u c h  l e s s  s t r u c t u r e  b r e a k a g e  «> a b o u t  a s  m u c h , I f  n o t  l e s s ,  t h a n  i s  t h e  
c a s e  i n  p u r e  m e t h a n o l  a t  3 0 %  a m o u n t i n g  p e r h a p s  e v e n  t o  a  s t r u c t u r e  
m a k in g  e f f e c t ®  On t h e  o t h e r  h a n d ,  b o t h  a t  2 5 %  a n d  30% %  t h e  c a t i o n  
c a u s e s  l e s s  s t r u c t u r e  b r e a k a g e  i n  m e t h a n o l / p y r i d i n e  a n d  m e t h a n o l /  
b e n z e n e  t h a n  i n  p u r e  m e t h a n o l*
GENERAL CONCLUSION
SBMAIi CONCLUSION
X t  i s  a p p a r e n t  f r o m  t h e  e x p e r i m e n t a l  d a t a  m a d e  a v a i l a b l e  b y  t h i s  
i n v e s t i g a t i o n  t h a t  t w o  t y p e s  o f  s o l v a t i o n  m a y  o c c u r  i n  b i n a r y  s o l v e n t  
m i x t u r e s  c o n t a i n i n g  a  v e r y  s m a l l  a m o u n t  o f  t h a t  c o m p o n e n t  w h i c h  i s  
m o s t  I n v o l v e d  i n  s o l v e n t ! . © * !  i n t e r a c t i o n ,  n a m e l y  ( a )  p e r m a n e n t  s o l v a t i o n ,  
i n v o l v i n g  m o r e  o r  l e s s  p e r m a n e n t  a t t a c h m e n t  o f  o n e  ox* a  n u m b e r  o f  s o l v e n t  
m o l e c u l e ' s  t o  t h e  i o n  a n d  ( b )  s o l v a t i o n  i n v o l v i n g  n o t  o n l y  t h o s e  m o l e c u l e s  
i n  t h e  i m m e d i a t e  v i c i n i t y  o f  t h e  i o n  b u t ,  b y  r e a s o n  o f  t h e  " l i n k a g e s 51 
b e t w e e n  t h e  m o l e c u l e s  o f  t h e  m a in  s o l v e n t  w h i c h  g i v e  r i s e  'bo a  q u a s i®  
c r y s t a l l i n e  s t r u c t u r e ,  t h o s e  l y i n g  s o m e  d i s t a n c e  b e y o n d  them ®
T h e  f o r m e r  t y p e  o f  s o l v a t i o n  g i v e s  r i s e  t o  a n  i o n i c  s p e c i e s  
i n v o l v i n g  t h e  i o n  a n d  r e g i o n  1  ( a  s h e l l  i m m e d i a t e l y  s u r r o u n d i n g  t h e  
i o n  i n  w h i c h  s o l v e n t  m o l e c u l e s  e n g a g e d  i n  p e r m a n e n t  s o l v a t i o n  r e s i d e )  
w h e r e a s ,  t h e  l a t t e r  t y p e  g i v e s  r i s e  t o  a n  i o n i c  s p e c i e s  i n v o l v i n g  
r e g i o n s  1 ,  2  ( a  s h e l l  c o n c e n t r i c  t o  a n d  s u r r o u n d i n g  r e g i o n  1  i n  w h i c h  
t h e  s o l v e n t  s t r u c t u r e  i s  l o o s e n e d )  a n d  3  ( t h e  m a in  s o l v e n t  s t r u c t u r e ) ®
X t  h a s  b e e n  i m p l i e d  ( C o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  m e t h a n o l /  
n i t r o m e t h a n e  a t  25° C S S e c t i o n  XX P a r t  2 )  t h a t  t h e  d i f f e r e n c e  b e t w e e n  
t h e s e  t w o  t y p e s  o f  s o l v a t i o n  i s  d u e  t o  t h e  e x t e n t  o f  s t r u c t u r e  b r e a k a g e  
i n  r e g i o n  2  p r o d u c e d  b y  t h e  e l e c t r i c a l  e f f e c t  o f  t h e  i o n  o n  t h e  s o l v e n t  
m o l e c u l e s  o n  t h e  o n e  h a n d  a n d  t h e  i n c o m p a t a b i l i t y  o f  t h e  s o l v e n t  
m o l e c u l e s  i n  r e g i o n  1  w i t h  t h e  g e n e r a l  q u a s i - c r y s t a l l i n e  s t r u c t u r e  © f
t h e  s o l v e n t  o n  t h e  o th e r ®  . T h u s ,  i f  a n  a d d i t i v e  i s  i n t r o d u c e d  i n t o  a  
s o l u t i o n  o f  a n  e l e c t r o l y t e  i n  a  s o l v e n t  w h ic h  i s  s o  d i s s i m i l a r  f r o m  t h e  
n a t u r e  o f  t h a t  s o l v e n t  a s  n o t  t o  p l a y  a n y  p a r t  a t  a l l  i n  t h e  l a t t e r 5s  
q u a s i - o r y s t a l l i n e  s t r u c t u r e  a n d  a t  t h e  sa m e  t i m e  t h e  a d d i t i v e  s o l v a t e s ,  
s a y ,  t h e  c a t i o n ,  m uch m o r e  t h a n  t h e  m a in  s o l v e n t  m o l e c u l e s ,  t h e  e x t e n t  
o f  s t r u c t u r e  b r e a k a g e  w o u ld  h e  w e l l - n i g h  c o m p le te ®  T h i s  i d e a l  c a s e  
m a y  h e  h a r d  t o  r e a l i s e  i n  p r a c t i c e  a n d  t h o s e  m o l e c u l e s  i n v o l v e d  i n  
s o l v a t i o n  o f  t h e  p e r m a n e n t  t y p e  w h i c h  o c c u r  i n  r e g i o n  1  ( s e a  S e c t i o n  I I  
P a r t  1 )  a r e  p r o b a b l y  l o o s e l y  l i n k e d  v i a  r e g i o n  2 ,  t o  t h e  q u a s i »  
c r y s t a l l i n e  s t r u c t u r e  o f  t h e  s o l v e n t ®  T h u s ,  s o l v a t i o n  o f  b o t h  t y p e s  
( a )  a n d  ( b )  m ay b e  p r e s e n t  a t  th ©  sa m e  t i m e ,  e i t h e r  o n e  o f  w h i c h  m ay  
p r e d o m in a te ®  I f  t h e  m o l e c u l e s  i n  r e g i o n  1  a r e  t h e  sa m e  a s  t h o s e  o f  
t h e  m a in  s o l v e n t  ~  a s  t h e y  w i l l  b e  w h e n  a  p u r e  s o l v e n t  i s  u n d e r  
c o n s i d e r a t i o n  -  t h e n  s t r u c t u r e  b r e a k a g e  i s  a t  a  minimum® T h e r e f o r e  
i t  c a n  b e  r e a s o n a b l y  a s s u m e d  i n  t h e  p r e s e n t  w o r k ,  t h a t  i n  p u r e  ra e+ n a n o r  
t h e  s t r u c t u r e  b r e a k a g e  a t  t h e  p e r i p h e r y  o f  t h e  c a t i o n i c  s p e c i e s  i s  a t  
a  minimum® I f  t h e  A  0  v a l u e  i n  p u r©  m e t h a n o l  i s  i n o r e a s e d o n  t h e  
i n t r o d u c t i o n  o f  a n  a d d i t i v e ,  a s  i t  i s  w h e n  s m a l l  a m o u n ts  o f  n i t r o r a s - t h a r ie ,  
n i t r o e t h a n e  a n d  b e n s o n i t f i l e  a r e  a d d e d  t o  a  s o l u t i o n  o f  s i l v e r  n i t r a t e  
i n  p u r e  m e t h a n o l  a t  2 5 ° G S t h e  s t r u c t u r e  b r e a k a g e  i n  r e g i o n  2  i s  g r e a t e r  
t h a n ,  i n  p u r e  m e th a n o l®  On t h e  o t h e r  h a n d  i n  so m e  o t h e r  c a s e s ,  i . e . ,  
i n  t h e  p r e s e n c e  o f  w a t e r ,  a c e t o n i t r i X e ,  b e n z e n e ,  p y r i d i n e  a n d
e i  -  p i e o X i n e ,  t h e  A  0  v a l u e  i s  l e s s  t h a n  i t  i s  i n  p u r e  m e t h a n o l  w h ic h  
i n d i c a t e s  t h a t  a l t h o u g h  s t r u c t u r e  b r e a k a g e  i n  r e g i o n  2  m ay b e  g r e a t e r  
t h a n  i n  p u r e  m e t h a n o l $ t h e  s i z e  o f  r e g i o n  1  m ay b e  s o  l a r g e  a s  t o  
o f f s e t  a n d  o u t w e i g h  t h i s *  t h e r e b y  p r o d u c i n g  a n  e f f e c t i v e  d e c r e a s e  i n  
th ©  m o b i l i t y  o f  t h e  c a t i o n  a n d  h e n c e  o f  A
A t , 3 0 ° 0  s t r u c t u r e  b r e a k a g e  i s  n o t  s o  a p p a r e n t®  T h i s  w o u ld  m ean  
t h a t  t h e  i o i v - s i s e  s h o u l d  b e  g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  v a l u e  a t  
2 3 ° C b n t  t h i s  i s  mor© t h a n  c o m p e n s a t e d  f o r  b y  t h e  d e c r e a s e  i n  p e r m a n e n t  . 
s o l v a t i o n  a n d  r i g i d i t y  o f  th ©  q u & s i - o r y s t a X l i n o  s t r u c t u r e  o f  t h e  s o l v e n t  
Th© i o n - s i z e  a p p e a r s ,  i n  f a c t ,  t o  b e  d e c r e a s e d  a  l i t t l e *  H o w e v e r ,  
a  n o t a b l e  e x c e p t i o n  t o  t h i s  w a s  a f f o r d e d  i n  t h e  m e t h i m o l / n i t r o m e t l i s n e  
m i x t u r e  a t  30°G * X n t h i s  c a s e  i t  i s  s u g g e s t e d  t h a t  so m e  o f  t h e  n i t r o ^  
m e t h a n e  m o l e c u l e s  e n g a g e d  i n  p e r m a n e n t  s o l v a t i o n  b e c o m e  r e p l a c e d  b y  
m e t h a n o l  m o l e c u l e s  a s  th ©  t e m p e r a t u r e  i s  r a i s e d  f r o m  2 5 °  t o  30 ° G a n d  
t h i s  i s  a c c o m p a n ie d  b y  a  c h a n g e  o v e r  f r o m  s o l v a t i o n  a l m o s t  e x c l u s i v e l y  
o f  t h e  p e r m a n e n t  t y p e  ( a )  t o  t h a t  i n v o l v i n g  t h e  s o l v e n t  a s  a  w h o le *  
t y p e  ( b ) «  A s t h e  m o l e o u l d ?  v o lu m e  © f  n i t r o m e t h & n e  i s  r e l a t i v e l y  s m a ll* ,  
t h e  v a l u e  o f  th ©  c a t i o n i c  l y d r o d y n a m i e  r a d i u s  &  i n c r e a s e s  s u b s t a n t i a l l y  
w i t h  t e m p e r a t u r e  a n d  a s s o c i a t i o n  i s  c o n s e q u e n t l y  c o n s i d e r a b l y  i n h i b i t e d ®  
T h e  c o n t r i b u t i o n  m ad e b y  th ©  s o l v e n t  s t r u c t u r e  t o  t h e  r e d u c t i o n  i n  
m o b i l i t y  o f  t h e  c a t i o n  i s  q u i t ©  la r g e ®  I f  o n e  c o m p a r e s  th ©  A  
v a l u e s  i n  m e t h a n o l  a n d  m e t h e m o l / n i t m m e t h a n e  a t  2 5 ° 0  t h e  d i f f e r e n c e
amounts to approximately 9 conductivity traits® Thus, since methanol
and nitromotlmne have mot very dissim ilar molecular volumes (40*7 and
34*0 respectively) and viscosity changes are very siaall^ th© exbeat to
which the mobility of the silver ion is  impaired by the solvent structure
may b© represented by at least 9 conductivity units, i*©« 7°5% of the
to ta l mobility or about 15% of the cationic mobility* This difference
0aa t« a  corresponds to a change in  rc^  of 0«44& whilst I£& is  decreased by
a factor of * Thus the importance of the dragging effect of the
41©
solvent, structure of methanol is  apparent*
That association decreases as ion®s:Ize increases due to the 
increase in  the rang© of region 1 Is clearly demonstrated in  a ll 
solvents but methanol/benzene® la the la tte r case the r v and 
values&re out of step with the changing magnitude of A and such an 
anomaly was observed at both 23° and 30%* The effect on A QS 
and KA is  much smaller than-can be accounted for by permanent solvation
»f»nS
i f  due consideration is  given to the relatively large molecular volume 
of bensene®
T h e  l a r g e  ^  v&Xu© o f  8 °  3A  o b t a i n e d  f r o m  t h e  c o n d u c t i v i t y  
d a t a  i n  m a t h & n o l /b e n s e n o  a t  2 5 °G  b y  u s i n g  t h e  r e c e n t  F u o s s  t e c h n i q u e  
w a s  s u r p r i s i n g ^ b u t  s i n c e  a  d e c r e a s e  i n  D o f  1%  o m  c h a n g e  ®|C A  o  ^  
a s  m uch  a s  28%^t h e  o r i g i n  o f  t h e  h i g h  v a l u e  m ay l i e  i n  th ©  d em a n d  b y  
s u c h  a  t h e o r y  t o  t* se  t h e  sa m e  v a l u e  o f  3) f o r  t h e  e a t a p h o r e t i c  a n d
r e l a x a t i o n  e f f e c t s  o n  t h e  o n e  h a n d  a n d  t h e  d e t e r m i n a t i o n  o f  t h e  d i s t a n c e  
o f  c l o s e s t  a p p r o a c h  o f  t h e  c e n t r e s  o f  s p h e r e s  e l e c t r o s t a t i c a l l y  e q u i v a l e n t  
t o  t h e  i o n s  o n  t h e  o th e r ®  I f  a  v a l u e  o f  D w h ic h  i s  l o w e r  t h a n  th ©  b u l k  
v a l u e  i s  u s e d  t o  c a l c u l a t e  " a"  f r o m  J ,  a  l o w e r  v a l u e  o f  i s  o b t a in e d ®
T h u s ,  i f  d i e l e c t r i c  c o n s t a n t  v a l u e s  e f f e c t i v e  I n  th ©  a s s o c i a t i o n  p r o c e s s  
w e r e  a v a i l a b l e ,  m o r e  r e a l i s t i c  v a l u e s  o f  ^  m ig h t  b e  o b t a i n e d  i n  
t h i s  way®
F o l l o w i n g  t h e  p r o c e d u r e  o f  M o e lw y n ^ H u g h e s  (JS»X) i n  d e r i v i n g  m  
e x p r e s s i o n  f o r  th ©  d i s s o c i a t i o n  c o n s t a n t  o f  a n  a c i d  f r o m  t h e  v e l o c i t y  
c o e f f i c i e n t s  o f  b i s i o l e c u l a r  a n d  u u i m o l e c u l a r  r e a c t i o n s ,  EQKf* 7 ,  g i v e n  
b e l o w ,  w a s  o b t a i n e d  f o r  th ©  c a s e  o f  s i l v e r  n i t r a t e  i n  s o l u t i o n  a t  
i n f i n i t e  d i l u t i o n
K xs 4n&  (®A1 BA2) «* 3 e% 4
n r i  i  ' s  * » • 7
w h e r e  A  & 5 0 0 a -1 I 9  I T  ^
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w h e r e  »  l ^ g  i s  t h e  d i f f e r e n c e  i n  a p p a r e n t  o r  A r r h e n i u s  a c t i v a t i o n  
e n e r g i e s  o f  t h e  d i s s o c i a t i o n  a n d  a s s o c i a t i o n  p r o c e s s e s ,  & i s  g i v e n  b y  
t h e  d e  G usm an r e l a t i o n s h i p  as a 1  e B^ HT ( B . 2 ) ,  a n d  L i s  g i v e n  b y  t h e  
r e l a t i o n s h i p  35 as © e*^®  (EUJ>)«
1 6 5
X f  EQHo 7  i s  d i f f e r e n t i a t e d  w i t h  r e s p e c t  t o  T  a n  e x p r e s s i o n  f o r  
t h e  h e a t  o f  i o n i s a t i o n  i s  o b t a i n e d  s -
A h  r. B«1 -  B«o «■ BT + H e% ,% 8
2  4 -1 8 4 * 2  i o ^ T  8 ’
E l i m i n a t i o n  o f  B  f r o m  e q u a t i o n s  7  a n d  8  l e a d s  t o  a n  e x p r e s s i o n  
fo x > % X  ^ % 2  * -
Bft-1 Sflo “  <=> WHS^ { $i\  K ^  A + 4*) — £S> H «* ET
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( m  *  i )
F rom  EQMo 9  v a l u e s  o f  H Aj  «  l A g  ma7  c a l c u l a t e d  a t  2 5 °C  a n d  3 0 ° C  
a n d  a r e  sh o w n  b e l o w ,  L i s  t a k e n  a s  0 * 0 0 5 3 9  0 3 - 4 )  J  Jl rfrp.nfr <£> <}
&'•* »  8*65 »  H T ®  gm /cm ®  (33* 5 ) »  B g g - r" 31*55 em l D ^ q  a  31*03
t h e  m a c r o s c o p i c  d i e l e o t r i o  c o n s t a n t s  o f  m e t h a n o l  a t  2 5 °G  a n d  3 0 °C  
r e s p e c t i v e l y ®
/  \  tS-i
S o l v e n t  (Bj j^  »  B ^ g )  a t  ( B „  -  S A 2)  a t
25+  . 30° C .
W ave  M e t h a n o l  *-•» 243 o a l s  «  157  c a l s
99”9 mole fo  m ethanol «*
0*1 mole f  p y r id in e  -  7241 « 6903
9.9*9 m o l©  fo m e t h a n o l  «
0 ,1  mole fo  benzene «* 334 «■ 243
9 9 , 9  m o le  % m e t h a n o l  «
0,1 mole fo  a i t a n x a e t h a n e  +  8 5 , 6 8 0  *  8 2 , 6 5 0
Th© v a l u e s  o f  s e .e m  v a r y  w i t h  x ^  a n d  I f  E ^ g
i s  a s s u m e d  t o  r e m a in  c o n s t a n t  t h e  v a r i a t i o n  o f  B ^  »  l ^ p  a t  e i t h e r  
2 5 °  o r  3 0 °G  w i t h  i n t e r  io n ic ?  d i s t a n c e  a p p e a r s  f e a s i b l e ®
I f  B «. i s  e lim in a ted  from equations 7 m& 8 an ex p ressio n  
f o r  th e  d i e l e c t r ic  con stan t (dw) i s  obtained s«
ds •  .  0 -  + 1®:
/ A  \  EQN® 10,
1“  * 4 n IC - 4 i + 1 )
F ro m  KQN« 1 0  v& X ises o f  D" a t  2 5 °G a n d  $0®G  w er©  o b t a i n e d  a n d  a r e  
sh o w n  b e l o w  t®
S o l v e n t B"
2 5 ° G
B "
3 0 ° c
P u r e  m e t h a n o l 42- 8 43 -  3
99* 9  m o l e  % m e t h a n o l  •* 
0 - 1  m o l e  % p y r i d i n e 10-7 3.1*0
99 9  m o le  % m e t h a n o l  «• 
© 0-1 m o l e  f  b e n z e n e h i 0 5 41*8
99°  9  m o l e  % m e t h a n o l  «*
0 - 1  m o l e  fa  n i t r o m e t h & n © (■■=& 7 ) ( .»6*  7)
S i n c e  v a r i a t i o n  o f  Dw w i t h  t e m p e r a t u r e  :1s s o  s m a l l  c o m p a r e d  t o  
t h e  1 e x p e r i m e n t a l 3 e r r o r ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  I)" m i l  n o t  
b©  d i s c u s s e d ®  ‘ '
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T h e  s ig n i f ic a n c e  o f  Dw I s  n o t  a lt o g e t h e r  c le a r *  T h e re  a r e  tw o  
know n l im i t a t io n s  t o  h e  c o n s id e re d  i n  t h e  d e te r m in a t io n  o f  m e a n in g fu l 
d i e l e c t r i c  c o n s ta n t  v a lu .e s  fro m  X3QE, 10® T h e  f i r s t  I s  t h a t  th©  ca °  
p a ra m e te r  h a s  b e e n  r e p la c e d  b y  x y th e  c o r re s p o n d in g  h y d ro d y n a m ic  r a d iu s ,  
a n d  t h e  s e c o n d , t h a t  Xj i s  assum ed  t o  b e  e q u a l t o  t h e  v a lu e  a d m is s ib le  
. f o r  th e  te m p e ra tu re  v a r i a t i o n  o f  th e  b u lk  d ie l e o t r io  c o n s ta n t .  T h e  
fo rm e r  p r o b a b ly  g iv e s  B" v a lu e s  w h ic h  a r e  to o  s m a ll*  . S in c e ,  h o w e v e r , 
th o  8a °  p a ra m e te r  i s  u n l ik e l y  t o  b e  le s s  th a n  t h e  i n t e r io a io  d is t a n c e  
i n  t h e  c r y s t a l  l a t t i c  o f  s i l v e r  n i t r a t e ,  t h e  D " v a lu e s  p r o b a b ly  c a n n o t 
b e  m u lt ip l ie d  b y  a  f a c t o r  g r e a t e r  th a n  3* fe u a w & Id  (A . 1 0 ) p o in t s  
o u t  t h a t  th o  re m o v a l o f  th ©  l a s t  s o lv e n t  m o le c u le  w i l l  n e e d  c o n s id e ra b le  
e n e rg y , c o n s e q u e n t ly , t h e  ° a 3 p a ra m e te r  i s  n o t  e x p e c te d  t o  b e  m uch l e s s  
th a n  a b o u t t w o - t h ir d s  t h e  v a lu e  o f  t h e  c o r re s p o n d in g  h y d ro d y n a m ic  
r a d iu s  w h ic h  m eans t h a t  t h e  B "  v a lu e s  n e e d  n o t  b e  m u lt ip l ie d  b y  a  
f a c t o r  g r e a t e r  th a n  3 i n  o r d e r  t o  o b v ia t e  t h i s  f i r s t  l im i t a t i o n .  
F u r th e rm o re , a  s m a lle r  m u lt ip ly in g  f a c t o r  i s  p r o b a b ly  r e q u ir e d ,  t h e  
g r e a t e r  t h e  m a g n itu d e  o f  B fh  T h u s , lo w e r  v a lu e s  w o u ld  b e  in c r e a s e d  
m ore  th a n  th e  h ig h e r  o n e s  an d  th©  r e s u l t in g  v a lu e s  t h e r e b y  show  le s s  
v a r i a t io n  th a n  t h e y  d o  i n  t h e  a b o v e  t a b le s *
T h e  se c o n d  l im i t a t i o n  c a n n o t b e  c o n te n d e d  w it h  e a s i l y  an d  t h e  
n e g a t iv e  v a lu e s  o f  Dw o b ta in e d  f o r  s i l v e r  n i t r a t e  I n  m eth an o l?/  
n it ro m e th a n e  m ay b e  d u e  n o t  o n ly  t o  a n  in a c c u r a t e  ZS. H  v a lin e  b u t
a l s 0 t o  a  ch an g e  i n  L® H o w e v e r, i f  t h e  d i e l e c t r i c  c o n s ta n t  ch an g e  
i s  n o t  to o  g r e a t ,  L  i s  u n l ik e l y  t o  b e  m uch d i f f e r e n t  fro m  t h e  " h u lk "  
v a lu e ,  T h u s , a lth o u g h  D”  ©an b© s a id  t o  h a v e  n o  p r e c is e  p h y s ic a l  
s ig n i f ic a n c e  i t  i s  s u g g e s te d  t h a t  i t  in d ic a t e s  t h e  r e l a t i v e  te n d e n c y  
o f  th©  io n s  t o  a l t e r  th©  h u lls  d i e l e c t r i c  c o n s ta n t  i n  t h e  m e d ia  
c o n s id e r e d . A p a r t  fro m  t h e  aw kw ard  c a s e  p r e s e n te d  i n  m e th a n o l/  
it it r o m e th a n e , t h e  v a r i a t io n s  © f D " a n d  D® £ " D is c u s s io n  a n d  C o n c lu s io n  
t o  S e c t io n  I I " J  i n  t h e  v a r io u s  m e d ia  c o n s id e re d  i s  s im i la r .  T h u s , 
t h e  e v id e n c e  f o r  d i e l e c t r i c  c o n s ta n t  c h a n g e , e s p e c ia l l y  d e p r e s s io n , 
i s  s t r o n g ly  c i r c u m s t a n t ia l .
I f  EQN* 8 i s  d i f f e r e n t i a t e d  w it h  r e s p e c t  t o  T  a n  e x p r e s s io n  f o r  
A  O p?th e  h e a t  c a p a c it y  a t  c o n s ta n t  p r e s s u r e  r e s u l t s ?
% g g o  -  ® A 3 0 ° _  E  .J. N©2J j %  (H E  + 2 )
€zrzejzxai'ZJii2azxx!cazi
298 -  505 2 4 *1 8 4  as 102B a  11
I f  T  i n  t h e  l a s t  te rm  i s  p u t  e q u a l t o  t h e  a v e ra g e  v a lu e  o f  
3 0 0 *5  a n  e s t im a t io n  o f  A  Op  ^ t h e  m o la r  h e a t  c a p a c it y  m ay h e  m ade, v a lu e s  
o f  w h ic h  a r e  show n b e low ®
! O th e rw is e  t h e  e l e c t r o s t a t i c  in t e r a c t io n  b e tw e e n  c a t io n  an d  a n io n  i n  
s u c h  a  c a s e  m ay a m o u n t 'to  a  r e p u ls io n ?  b u t  t h i s  i s  u n l i k e l y  s in c e  
a s s o c ia t io n  i s  so  g r e a t  i n  m e th a n o ^ / n itro ® e th a n o 9 p a r t i c u l a r l y  a t
Bar©  m e th a n o l »  28 c a lls
9 9 ° 9 m o le  %  m e th a n o l «
0-1  m o le  fo p y r id in e  ^  108
99-9 m o le  fo m e th a n o l «
0 ° 1 m ol© fo b e n z e n e  «  29
A  Op m ay b e  r e s o lv e d  in t o  t h r e e  te rm s  (Bo 6 )
A  Op ss A  Cp ( v i b r a t i o n a l )  + A  Cp ( o o l l i s i o n a l )  + A  Op (e le c t r o ^  
s t a t i c ) o
A  Op ( v ib r a t i o n a l )  r e p r e s e n t s  th©  ch an g e  i n  t h e  v ib r a t io n a l  
m o tio n  o f  m e th a n o l 5B o l0 ofO .es on  e n t e r in g  t h e  f i e l d  o f  th©  io n s  a n d  i s  
n e g a t iv e ®  A  Op ( e l e c t r o s t a t i c )  i s  n e g a t iv e ®  Th© c o n t r ib u t io n  t o  
A  Op o f  t h e  f i r s t  tw o  te rm s  i n  EQE-, I X  i s  p o s it iv e ^  w h i l s t  t h a t  o f  th e  
e l e c t r o s t a t i c  te rm  i s  n e g a t iv e ®  T h u s , b y  a a m lo g y  w it h  EQB1 X I  th e  
f o l lo w in g  e x p r e s s io n  m ay b e  w r i t t e n
A  Op ( v ib r a t i o n a l )  + A  Gp ( c o l l i s i o n a l )  a  v B &2 5 °  ^ ^ ^ 3 0 ° )
S o l v e n t  A  Q
298 - 303
n e g a t iv e  p o s i t i v e  p o s i t i v e
T h u s  A  Cp ( oo X X is io n a l)  w h ic h  a r i s e s  fro m  t h e  v a r i a t io n  o f  t h e  
s o lu t e - s o lv e n t  v ib r a t io n  f r e q u e n c y  w it h  te m p e ra tu r e , end  a b o u t w h ic h  
l i t t l ©  i s  kn ow n , m ust b e  p o s it iv e ,  an d  a t  l e a s t  a b o u t 16  c a ls  l a r g e r  i n  
m a g n itu d e  th a n  A  Cp ( v ib r a t io n a l ) ®  Th ou g h  th e  m a g n itu d e  o f
ro
A  Op ( v ib r a t i o n a l )  + A  Op ( c o l l i s i o n & l )  i s  g r e a t e r  i n  m e th a n o l/  
p y r id in e  th a n  in .  th o  o t h e r  tw o  s o lv e n t s  th e  v a r i a t io n  o f  A  Op i s  
m a in ly  d u e  t o  v a r i a t io n  i n  th©  e l e c t r o s t a t i c  te rm * A  h ig h e r  v a lu e  
O f  A c p  ( v ib r a t i o n a l )  + ( c o l l i s i o n a l )  i n  a e th a n o l/ p y r id in e
th a n  in  p u re  m e th a n o l o r  m e th a n o l/ b e n z e n e  m ay s u g g e s t t h a t  t h e  11 f r e e z in g ”  
e f f e c t  e x e r te d  on t h e  s o lv e n t  b y  t h e  c a t io n  i n  m e th a n o l/ p y r id in e  i s  n o t  
a s  a p p a re n t  a s  i t  i s  i n  m e th a n o l o r  m e th a n o l/ b e n z e n e . C o n s id e r a b le  
s t r u c t u r e  b re a k a g e  a t  t h e  p e r ip h e r y  o f  t h e  io n ic  s p e c ie s  i n  m e th a n o l/  
p y r id in e  w o u ld  s u p p o rt  s u c h  a  v ie w ,  w h e re a s  t h e  r e l a t i v e l y  la r g e  
h y d ro d y n a m ic  r a d iu s  w o u ld  a b ro g a te  i t *  S in c e  t h e  e x b e n t t o  w h ic h  t h e s e ' 
tw o  f a c t o r s  a c t  i s  n o t  know n an d  t h e  v a lu e  o f  ( c o l l i s i o n a l )  i s
i n  a n y  c a s e ,  d i f f i c u l t  t o  p r e d ic t ,  n o  d e f in i t e  c o n c lu s io n s  c a n  b e  
re a c h e d *
APPENDICES
APPENDIX I
S o r p t io n  o f  s i l v e r  n i t r a t e  on ( a )  "g r e y e d "tiatoCtrkixUCfrtbsHi ««.« ftsttrosn nv i^xasft ict?.txv
p la t in u m  an d  (b )  g la s s  from , m e th a n o l s o lu t io n *
R e fe r e n c e  w as m ade in  S e c t io n  I i  P a r t  1 t o  t h e  d e p re s s io n  o f  A  
v a lu e s  e v id e n t  i n  th©  A / f b  p lo t  a t  v a r y  h ig h  d i lu t i o n s  w h ic h  I s  
o b s e rv e d  i n  a l l  s o lv e n t s  a t  25°- an d  3 0 %  h u t  m e th a n o i/ n itro m e th a n o  
a t  2 3 °0 *  T h is  e f f e c t  w as a p p a re n t  e v e n  w hen , cm one o o o a s Io n , th e  
m e th a n o l h ad  b e e n  s u b m itte d  t o  t h r e e  s u c c e s s iv e  p u r i f i c a t i o n s „
A  " d i l u t i o n "  ru n  w as c a r r ie d  o u t w it h  s i l v e r  n i t r a t e  i n  m e th a n o l 
w h ic h  h ad  b e e n  s u b m itte d ' t o  t h r e e  s u c c e s s iv e  p u r i f i c a t i o n s .  X n  th©  
f i n a l  d i s t i l l a t i o n  th e  m e t h a n o l( s p e c if ic  c o n d u c t iv it y  0«O X2 gemmho) 
w as d i s t i l l e d  d i r e c t l y  in t o  t h e  o e ll®  The r e s u l t s  a r e  r e c o rd e d  i n  
T A B LE  A  I  an d  show n g r a p h ic a l ly  i n  G ra p h  A  X® A  se co n d  " r u n "  'w as 
c a r r ie d  o u t i n  t h e  p re s e n c e  o f  tw o  s q u a re s  o f  " g r e y e d "  p la t in u m  th e  
t o t a l  a r e a  (a p p ro s r ira a te ly  20 aq* cm *)  o f  w h ic h  w as a p p ro x im a te ly  e q u a l 
t o  t h a t  o f  th e  c e l l  e le c t r o d e s *  T h e  p la t in u m  s q u a re s  w e re  c le a n e d  
an d  t r e a t e d  p r io r  t o  u s e  i n  e x a c t ly  t h e  sam e w a y  a s  t h e  c e l l  © X eo tro & o s* 
T h e  r e s u l t s  o f  t h e  l a t t e r  ru n  a r e  re c o rd e d  i n  T A B LE  A  2 a n d  show n 
g r a p h ic a l ly  i n  G ra p h  A  1 . T h e  s p e c i f i c  c o n d u c t iv it y  o f  t h e  sa m p le s  
o f  m e th a n o l u se d  i n  e a c h  " r u n "  was a p p ro x im a te ly  th e  sam e (0 *  O i l  gemmhe 
i n  th e  l a t t e r  c a s e ) .
X t  a p p e a rs  fro m  G ra p h  A 1 t h a t  th©  in t r o d u c t io n  o f  t h e  p la tin u m  sq u are
TABLE A 1
C o n d u c t iv it y  o f  s i l v e r  n i t r a t e  I n  m e th a n o l a t  25DC*
fvVTSWi?ft¥-}u-“ .-+»«r—'rf>mwrf)t»M*«aiAir>.-Vr«HiV<pMiaiiar.»ai'<vgft. n » r f S t - M C i A W S r W a w U f J * * *1K!«A»S.?itfv«•«%Clir?»>*IV»***«***&.V*(V» >W«Wn"W «*+C♦ *.
W4t) trrjt.w
G x  101'- 0 x  1 0 2
■^ L^ -jr^ T-jrYrw.i-yTym-T-**.'**"^  C5?ifS j} errr± L_; <+-*■• A
0-3661 0 -6051 1 0 3 ”0 1
0 * 9050 0 » 9515 1 0 7 °  90
2 *6 3 8 4 1 ® 6243 1 0 4 ° 97
4 * 0 0 12 2 °0 0 0 3 10 3 “ 57
6*2395 2® 4979 1 0 1 o 28
9 *0 0 8 4 3 ° 0014 9 8 ,9 9
T A B LE  A  2
C o n d u c t iv it y  o f  s i l v d r  n i t r a t e  in  m e th a n o l a t  25MC
Uatorta>ttMrfhi»:*a^tt*wa>«»tfwgceiMttrow»tf,K£Aariaft^fla?iaaciiw3W yi^ q g « w acE»^gaiv»3s ^ iy < * jr a t^
w it h  "g r e y e d "  p la t in u m  s q u a re s  p re s e n t*
C x  i J
u c cgaassrrMinuj'
C x  102
jgasasasqKssssssa iar
A
0 *436 0 0*6 60 3 99 *9 7
1*0 14 9 1 * 0074 1 0 ? *  21
2-2958 1*5 15 2 105*39
4-2779 2*0683 103*22
6 *5 8 5 4 2*5662 10 0*9 8
10*0452 3*1691 98*21
TABLE A 3
C o n d u c t iv it y  o f  s i l v e r  n i t r a t e  i n  m e th a n o l a t  2 5 °GlX2£ZJ'ZlZTi UJXiSii «*WOT»rt f*«*» t*v«»y»?w* rs nxx* 6i-v fejft&VXJf&jn 7*
• w it h  p o w d ered  b o r o s i l io a t e  g la s s  p re s e n t®
oco-C
%>
E
UolO
CM
10
0
in t o  th e  e le c t r o l y t e  s o lu t io n  p ro d u c e s  a  g r e a t e r  d e p re s s io n  i n  th e  
c o n d u c t iv it y  b e lo w  a  c o n c e n t r a t io n  o f, 3 *2  sc X0“J%  th a n  w hen  th e y  
a r e  a b se n t®  T h e  m ost l i k e l y  e x p la n a t io n  f o r  t h i s  i s  t h a t  som e o f  
th e  e le c t r o l y t e  i s  s o rb e d  b y  th e  p la t in u m  an d  t h e r e f o r e  n o  lo n g e r  
a v a i la b le  f o r  p ro d u c in g  io n s  b y  t h e  e q u il ib r iu m
AgffOj Ag* + W03“
M i a tte m p t w as made t o  c a r r y  o u t a  " r u n "  i n  a  c e l l  f i t t e d  w it h  sm ooth  
p la t in u m  e le c t r o d e s  u n d e r  th e  c o n d it io n s  p r e s c r ib e d  f o r  th e  a b o v e  tw o  
ru n s®  H o w e v e r, th e  r e s u l t s ,  w hen s u b m itte d  t o  a  A  / Jo  p lo t  show ed 
to o  much " s c a t t e r "  f o r  a n y th in g  c o n c lu s iv e  t o  b e  d raw n  fro m  them ®
A t  h ig h e r  c o n c e n t r a t io n s , (  6 x  l 6 AN ) th e  r e s is t a n c e  w as o b s e rv e d  a t
3 se co n d  in t e r v a l s  th e  c e l l  b e in g  sh a k e n  f o r  a  p e r io d  o f  10 se co n d s«;s
fro m  t im e  t o  tim e®  T h io  w as d on e  i n  p u re  m e th a n o l a n d  m e th a n o l/  
n itro m e th a n e ®  Th© b ri& g ©  r e a d in g  w as p lo t t e d  a g a in s t  t im e  an d  th e  
p lo t s  so  o b ta in e d  a r e  i l l u s t r a t e d  i n  G ra p h s  A  2 an d  A  3- I t  i s
a p p a re n t fro m  G ra p h  A  ,1 i n  til©  c a s e  o f  pur©  m e th a n o l, t h a t  th©  
r e s is t a n c e  te n d s  t o  r i s e  (b y  a b o u t X  p a r t  i n  1 0 ,0 0 0 ), soon  a f t e r  
s h a k in g , o n ce  m ix in g  i s  co m p le te®  No su ch  phenom enon w as o b s e rv e d  
i n  m e th & n o l/ n itro m e th a n ©  i n  w h ic h  n o  d e p re s s io n  o f  A  i s  o b s e r v a b le  
i n  th e  a  / Jo  p lo t®  , T h e  e x p la n a t io n  s u g g e s te d  f o r  t h i s  i s  t h a t ,  
i n  m e th a n o l, s i l v e r  n i t r a t e  i s  f a i r l y  s t r o n g ly  s o rb e d  b e lo w  a  c o n c e iti 1
t r a t i o n  o f  a b o u t 6 as 1 C T %  b u t  a b o v e  t h i s  c o n c e n t r a t io n  a  now  " l a y e r "
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o f  s i l v e r  n i t r a t e  b e g in s  t o  "be b u i l t  up on th e  e le c t r o d e s  in  w h ic h  
t h e  e le c t r o l y t e  i s  w e a k ly  so rb e d *  T h u s , on s h a k in g  th e  c e l l ,  th e  
e le c t r o l y t e  m o le c u le s  c o m p r is in g  th © . l a t t e r ,  " l a y e r "  a r e  s h e a re d  o f f  
t h e  e le c t r o d e s  and  t h e  r e s is t a n c e  d e c re a s e s * . On s ta n d in g  f o r  a  l i t t l e  
v/h il©  t h i s  " l a y e r ”  i s  b u i l t  up a g a in  b y .‘r e s o r p t io n  o f  th e  e le c t r o l y t e  
fro m  th e  s o lu t io n  an d  c o n s e q u e n t ly  th e  c o n c e n t r a t io n  o f  s o lu t io n  in  th©  
v i c i n i t y  o f  th e  e le c t r o d e s  f a l l s  an d  th e  r e s is t a n c e  r is e s *  A s  ca n  b e  
se e n  fro m  G ra p h  A 1 e q u i l ib r iu m 'i s  e s t a b lis h e d  a f t e r  100 se co n d s*
M o t h e r  d i lu t i o n  " r u n 55 w as c a r r ie d  o u t w it h  s i l v e r  n i t r a t e  i n  p u re  
m e th a n o l o f  s p e c i f i c  c o n d u c t iv i t y  0*011 . gemmho i n  th e  p re s e n c e  o f  
100 gsu o f  p o w d ered  b o r o s i l io a t e  g la s s *  T h e  r e s u l t s  a r e  t a b u la t e d  I n  
T A B LE  A  3 and  show n g r a p h ic a l ly  i n  G ra p h  A 1 , T h e  r e s u l t s  in d ic a t e  
t h a t  th e  d e p re s s io n  e f f e c t  i s  n o t  a s  g re a t-  a s  t h a t  o b s e rv e d  i a  th e  
p re s e n c e  o f  th e  p la t in u m  s q u a re s *  T h u s , th o u g h  b o r o s i l lo a t e  g la s s  
a p p e a rs  to  s o rb  th e  e l e c t r o l y t e  fro m  th e  s o lu t io n  i t  i s  n o t  a s  
im p o r ta n t  an  e f f e c t  a s  t h a t  w h ic h  p la t in u m  g iv e s  r i s e  tp *
A t  3 0 °G  th e * d e p r e s s io n  o f  A  i s  e v id e n t  a t  a  lo w e r  c o n c e n t r a t io n  
th a n  a t  2 5 °G * S in c e  a  r i s e  in  te m p e ra tu re  r e s u l t s  i n  d e s o r p t io n  o f
* . t
g a s e s  fro m  m e ta l s u r fa c e s  on w h ic h  th e y  h a v e  b e e n  a d s o rb e d  th©  sam e 
b e h a v io u r  m ig h t b e  e x p e c te d  o f  a  s o l id  s o rb e d  fro m  s o lu t io n ,  i# e *  
th e  c o n c e n t r a t io n  o f  th e  s o l id  on th e  m e ta l a n d / o r  g la s s  s u r f a c e
p r o b a b ly  d e c re a s e s  a s  t h e  te m p e ra tu re  i e  ra is e d ®
S o r p t io n  e f f e o t s  h a v e  b e e n  o b s e rv e d  f o r  a  num ber o f  e le e t m ly t e s  
i n  e t h y l  a lc o h o l ( D . l )  a n d  e le c t r o l y t e  io n - p a ir s  m ay b e  h e ld  on  th e  
e le c t r o d e s  v i a  t h e i r  s o lv e n t  s h e a th s .
$ * © 
i.
I n  c o n c lu s io n  i t  ca n  b e  s a id  t h a t  th e  e v id e n c e  f o r  s o r p t io n  
o f  s i l v e r  n i t r a t e  b y  "g r e y e d "  p la t in u m  and  g la s s  fro m  m e th a n o l s o lu t io n  
i s  v e x y  s t r o n g . T h e  g r e a t e r  p a r t  o f  t h e  s o r p t io n  e f f e c t  i s  p ro b a b ly  
duo to  s o r p t io n  on p la t in u m  a lth o u g h  s o r p t io n  on b o r o s i l io a t e  g la s s  
m ay make a  s u b s t a n t ia l ,  i f  m in o r, c o n t r ib u t io n  t o  th e  t o t a l  s o r p t io n  
e f f e c t .  T h u s , c e l l s  o f  s p h e r ic a l  sh ap e  in  w h ic h  th e  g la s s  p r e s e n ts  
th e  m inim um  o f  s u r fa c e  a r e a  t o  th e  e le c t r o l y t e  s o lu t io n  a r e  recom m ended 
A ls o  th e  a re a  o f  th©  e le c t r o d e s ,  e s p e c ia l l y  i f  th e s e  a r e  mad© o f  
p la t in u m , s h o u ld  b e  a s  s m a ll a s  p o s s ib le  and  t h e i r  s u r fa c e s  o n ly  
" l i g h t l y "  g re y e d . fu r th e r m o r e , a  la r g e  b u lk  o f  e l e c t r o l y t e  s o lu t io n  
i s  p r e f e r a b le  su ch  t h a t  i f  th e  lo s s  o f  e le c t r o l y t e  due t o  s o r p t io n  i s  
n o t  d e p e n d e n t on  c o n c e n t r a t io n  th e  t o t a l  e l e c t r o l y t e  s o lu t io n  co n cen ®  
t r a t io n  i s  a f f e c t e d  a s  l i t t l e  a s  p o s s ib le .  I f  su ch  reco m m e n d a tio n s  
a r e  o b s e rv e d  i t  i s  a n t ic ip a t e d  t h a t  m ore r e a l i s t i c  A  v a lu e s  w i l l  b e  
o b t a in a b le  a t  v e r y  h ig h  d i lu t io n s  in  th o s e  e a s e s  i n  w h ic h  s o r p t io n  
o c c u r s .
APPENDIX I I
She oaloulation of A~s It, and values from the 
Fuoss application of th© Fnoss^ Onaager theory of electrolytic 
conductance to associated electrolytes®
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Where (J - F A C}) is the intercept on the y axis « also F is
d.
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